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I. TRMÎSPORTATION PRICING AND SPATIAL ORGANIZATION 
OF ECONOMIC ACTIVITY 
Transportation is a dynamic factor affecting the location of 
spatially dispersed economic activity. Transportation industry 
practices dealing with pricing of transportation services not only 
influence the economic well-being of the transportation industry 
itself, but are also instrumental in guiding the location patterns 
of other industries. This thesis analyzes the impact alternative 
transportation prices (transportation rates) have on the location of 
industrial activity and the subsequent impact on the economic develop­
ment of regions affected by industry relocation. 
A. Transportation Costs and Industry Location 
Individual firms, when viewing the economy of alternative plant 
location sites, consider outlays for transportation services incurred 
in the acquisition of raw materials and distribution of products as 
costs. The accumulative impact of these individual plant location 
decisions ultimately determines the spatial structure of an industry. 
Plant location decisions and industry settlement patterns rre inter­
related insofar as different firms making concurrent plant location 
decisions are confronted with similar, if not identical, transporta­
tion costs. 
When firms seek new locations for their plants, they are attempt­
ing to improve their profit position, typically by minimizing costs. 
Even though transportation costs are only one component of total costs 
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in an accounting sense, they are inextricably involved in the total 
cost that is being minimized. Relationships of primary importance 
exist between outlays for transportation and accessibility to 
sufficient supplies of raw materials and markets for products that 
will enable efficient operation of the plant to be built. 
Traditionally, industries have been classified as a) resource 
oriented, b) market oriented or c) intermediate-point oriented. In 
addition, some industries have no particularly dominant orientation 
(7, pp. 27-46; 30, pp. 76-86). Examples of the three orientations 
can be taken from the wheat-flour economy, which is the industry 
examined in this study. Production of wheat is resource oriented. 
The main resource, land, being immobile, requires that wheat be grown 
where land is available. The baking industry is market oriented, 
primarily as a result of the perishability of the product, i.e., 
consumers have a high preference for freshly baked bread. The 
flour milling industry has been oriented toward intermediate points. 
At least three factors have influenced the intermediate location 
of flour milling plants. First, intermediate points historically 
were closer to cheaper power to operate the mill, particularly when 
water was the dominant source of power for milling. Second, some of 
the intermediate points served as transhipment points; thus, loading 
and unloading costs could be reduced if the milling took place in 
conjunction with the changing of transport mode (i.e., from rail to 
barge or from truck to rail). Third, closely related to and partly 
because of the first two factors, each mode, especially railroads, 
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tailored its pricing policies so as to increase its share of the 
traffic relative to competing modes. 
Stability in industry location patterns can occur via a combina­
tion of a) geographically fixed raw material supplies, b) immobile 
markets (i.e., relatively stable geographical dispersion of popula­
tion) and/or c) transportation charges that exhibit relatively 
constant relationships with respect to the nature of the transporta­
tion service provided. Contrariwise, least-cost industry location 
patterns can be affected substantially by changes in the factors cited 
in the previous three categories. 
B. Industry Location and Regional Economic Development 
Typically, industry location patterns that exhibit dominantly 
resource or market orientations also exhibit a high degree of loca-
tional stability. That is to say, immobile resources remain immobile 
and major metropolitan centers experience increases or decreases in 
population, but not general large-scale migration. Similarly, if 
superior transhipment opportunities occur at an intermediate position, 
these opportunities are likely to prevail for a substantial period. 
Intermediate orientations based on input-cost advantages or transport-
pricing practices are not necessarily of long duration. An industrial 
site may become competitive, although previously inputs could be 
supplied only at a high cost or not at all, because, for example, new 
sources of power could become available or electricity could replace 
less mobile sources of power such as water. 
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Advances in transport technology also frequently alter the cost 
structure of the transportation industry. Changes in the cost 
structure of carriers are often reflected in their pricing policies. 
Alternate pricing policies may significantly affect optimum industry 
settlement patterns, especially when the technical improvement does 
not affect the transport of the raw material and the product propor­
tionally. That is to say, if the new technology results in revision 
of pricing policies that changes the relationships between prices for 
transporting raw materials and products, measures of accessibility 
of alternate sites to sources of raw materials and markets will be 
affected; the net result is a shift in the optimum location of the 
industry. 
An industry's orientation may change as a result of changes in 
the transportation it uses. The direct impact of the new orientation 
is on employment and income generated by the affected industry. 
Further indirect impacts result from linkages of the affected industry 
with the remainder of a region's economic activity. Industries 
strongly oriented to the one experiencing the initial impact may make 
the same relocation decision. If such agglomeration tendencies prevail, 
economic activity in the disadvantaged region may be abruptly curtailed. 
The impact can be quite severe if a region's economy had been heavily 
dependent upon the affected industry. 
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C. Regional Economic Development and Transportation Pricing 
Up to now it has been assumed that amounts paid for transporta­
tion reflect the costs incurred in providing the transportation. 
Depending on the nature of competition, as well as other factors, 
this assumption may or may not be true. 
Traditionally, transportation pricing policies have belonged to 
one of four categories; cost of service, value of service, public 
utility approach and schemes designed to yield desired output or use 
of resources (24, p. 180). Each of the first three is a partial 
analysis in some sense, whereas the last can be construed as a 
combination of the relevant aspects of the preceding notions. 
Selected features of all have been used at times to support various 
aspects of the transportation pricing structure for wheat and flour. 
Each is briefly described before the implications of the cost of 
service and value of service criteria are related to regional economic 
development and the wheat-flour economy. 
1. Cost of service 
The long-run marginal cost of providing transportation 
services is the theoretical construct that provides for maximum 
economic efficiency (29, Chapters 7-8). Main components of this 
construction are estimates of quantities to be shipped and the 
distance of shipments. The carrier's problem focuses on the 
supply of transportation. That is to say, what investment 
policy would provide the kind and quantity of facilities 
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and equipment that would most efficiently supply the required trans­
portation services? Requirements (the demand for transportation) 
typically are a constant rather than a variable in this kind of 
analysis. Cost of providing transportation services frequently 
serves as a lower limit for transportation rates. 
Robert A. Nelson, Director, Office of High Speed Ground Trans­
portation, U.S. Department of Commerce, pointed out, in a 1965 
conference, two main weaknesses of the cost-of-service approach: 
one is the superficial treatment of demand for transportation; the 
other is an inability to evaluate trade-offs between social and 
economic aspects of alternate transportation systems and patterns 
(26, pp. 32-33). These shortcomings are of utmost importance in an 
economy when much of the new investment in transportation is sub­
sidized by the Federal government in one manner or another. Examining 
alternate transportation systems, Nelson further points out, requires 
a theoretical foundation for evaluating relevant trade-offs between 
alternative transportation systems and the impact each has on the 
location of industrial activity and the associated geographical 
distribution of income and population. 
2. Value of service 
Strictly interpreted, the value-of-service criterion provides a 
means of apportioning nonallocable costs on the basis of what the 
market is willing to contribute (29, p. 230). This criterion is 
constrained by an upper limit represented by the total revenue to 
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which a carrier is entitled as determined by regulatory authorities. 
This construction, focusing on the demand for transportation, is 
typically representative of a carrier's problem when deciding how to 
maximize returns to the resources it currently controls. Thus, 
supply, at least supply of facilities and equipment (e.g., for a 
railroad, right-of-way, locomotives and rolling stock), is taken 
as given. Consequently, it suffers from the same criticism as cost 
of service, that is, each focuses on only half of the picture. 
Neither does it allow for analysis of interdependencies between the 
transport industry and the economic activity associated with the 
industry generating the traffic. 
Two closely related but different concepts that also recognize 
demand but not supply are "value of commodity" and "what the traffic 
will bear." The value-of-commodity criterion refers to the notion 
that higher-valued items could and should pay higher rates than lower-
valued items. Pegrum summarily discusses this notion by stating, 
"There is no economic reason . . . why they should bear a higher 
rate, and there is no a priori reason why they always can" (29, p. 230). 
Essentially, "what the traffic will bear" concept is equivalent to 
"value of service" criterion without the constraint of an upper limit. 
Currently, widespread intermodal competition renders "value of service" 
and "what the traffic will bear" concepts equivalent to the demand for 
the transportation service. 
Thus, two transportation pricing approaches — cost of service 
and value of service -- provide crude bounds for the general level of 
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transportation rates. Consequently, it might be expected that results 
of an analysis that incorporated both views might prescribe a general 
level of rates that would be somewhere between the lower and upper 
bounds. 
3. Public utility 
The public utility approach is nearly useless as a basis for 
current transportation pricing policies (29). Current intense inter-
modal competition forces rates below levels suggested by public utility 
pricing concepts. Its main use has been in the field of public 
utilities, characterized by predominant monopoly conditions. Problems 
associated with its application center around measuring "fair value" 
and "fair return." Market value, cost-of-reproduction and prudent 
investment are alternative approaches to measuring a "fair value" on 
which to base a "fair return." 
The public utility approach guided pricing by the railroads in 
the 1920's. Competition for the railroads was extremely limited 
during that period. Today, however, major regional consolidation by 
the railroads could revive the use of the public utility approach in 
evaluating transportation pricing. Moreover, aspects of the public 
utility approach that pertain to gauging the general level of rates 
in noncompetitive situations that focuses on their relationship to 
costs are still important in estimating the size of deficits (or 
surpluses), associated with alternative transportation systems and 
pricing policies. 
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4. Ccanbination of previous three with discriminatory pricing 
Seldom, if ever, is there a set of prices for transportation 
(rate structure) that is based only on factors associated with one 
of the three previous categories. Additional factors exist that 
modify existing rates but do not belong in any of the previous 
categories. Rate structures that are based on a composite set of 
factors usually exhibit some characteristics that differ from struc­
tures based on factors belonging to a single category. Discrepancies 
can usually be explained by some form of discrimination in the pricing 
of transportation services. Pegrum identifies four kinds of dis­
crimination; personal; commodity, place and temporal (29). Place 
and commodity discrimination, along with value-of-service criteria, 
were basic elements in the historic structure of rail rates for grain 
and grain products. Railroads charged the same to haul vAieat between 
two points as they did to haul flour (commodity discrimination). 
Place discrimination frequently took the form of equalizing the 
total transportation costs associated with alternate milling centers. 
That is to say, rates for moving Wieat to and flour from one mill 
center (e.g., 40 and 60 cents, respectively) would in total equal 
rates for moving wheat to and flour from an alternate mill center 
(e.g., 25 and 75 cents, respectively). This equalization phenomena 
was prevalent and encompassed milling centers not "in line" between 
producing areas and markets. 
In the late 1950*s and early 1960's, developme-t of new tech­
nology and increased intermodal competition (with trucks and barges) 
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led to decreases in rail rates for shipping xdieat. Trucks and barges 
are not well suited to haul flour; consequently, there was no corre­
sponding decrease in rates for moving flour. The new rates based on 
cost of service criteria upset well-established merchandising and 
processing patterns in the grain marketing industry. Flour mills in 
producing areas were disadvantaged in terms of expenditures for trans­
portation, as were mills at "out of line" locations. Millers in wheat 
producing areas sought, therefore, a political solution. A Twelve 
State Governors Conference on Transportation^ was formed. Restoration 
of the initial structure of rates by regulatory process (Interstate 
Commerce Commission) was offered as an expedient means of saving the 
mills in producing areas and maintaining the economic well-being of 
the communities of which they were a part. The main thrust of this 
thesis is to develop a framework that is capable of evaluating the 
transportation pricing issue and of determining the consequent impact 
on regional economic development in general and on the different 
sectors of the wheat-flour economy in particular. 
Member states included : Montr.na, Wyoming, Colorado, North 
Dakota, South Dakota, Nebraska, Kangas, Oklahoma, Texas, Minnesota, 
Iowa and Missouri. 
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II. TRANSPORTATION PRICING AND SPATIAL ECONOMIC MODEL 
In this chapter a) economic effects of alternate transportation 
pricing policies are identified, b) a model is introduced that enables 
some of the interdependencies that exist between the transportation 
industry and other entities in the location space economy to be sorted 
out for independent analysis when studying alternate transportation 
pricing policies and c) a critical transportation pricing issue is 
introduced, related to the model and developed as the specific objec­
tives of this analysis. 
A. Economic Effectn of Alternate 
Transportation Pricing Policies 
Revisions in transport pricing policies contain many complex 
interrelationships between the economics of transportation and the 
spatial dispersion of economic activity and the consequent effects 
on different sectors of the nation's economy. To illustrate the 
ramifications involved, the issue of transportation pricing is 
examined briefly from the views of the sectors affected by a change 
in transportation pricing policies. First, a transportation agency 
can evaluate the effect of a change in its pricing policy on itself 
(i.e., on its own revenue and profits). A second view is from the 
perspective of the manufacturing or processing industry faced with 
the new structure of transportation charges. Finally, the issue can 
be analyzed by viewing its effects on resource suppliers or product 
consumers. 
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A few of the many questions that arise when the transportation 
pricing issue is examined from each view are presented in more detail 
to illuminate some of the complexities involved when studying the 
pricing of transportation services. 
1. When representatives of the transportation industry consider 
a change in their own pricing policies (i.e., a change in the 
rates they charge), many complex interrelationships are. 
involved; some relate to demand for transportation as 
reflected by traditional price-quantity relationships, as 
illustrated by questions concerning: 
a. To what extent will the carrier evaluating the change 
continue to participate in the traffic affected by the 
rate change? How much more traffic will it get if it 
cuts the rate? 
b. Will the rate cut stimulate competing carriers to adjust 
their rates? If so, how much traffic might the first 
carrier lose? 
c. How much traffic, existing or potential, will the first 
carrier gain or lose that is not directly affected by 
the rate change but that is interrelated to the traffic 
that experienced the rate change? (The relation to the 
directly affected traffic could be a) inputs used in 
its manufacture if the directly affected traffic was a 
product, b) products of manufacture if the directly 
13 
affected traffic was an input and c) complementary input: 
or outputs to the directly affected traffic.) 
A manufacturing or processing activity that experiences a 
change in the cost of transporting raw materials it uses or 
products it produces likewise faces several interrelated 
problems when evaluating the impact of the transport rate 
change on its competitive situation. Some aspects of the 
industry's problems are roughly analogous to those of the 
carrier contemplating the rate change. The new transporta­
tion rata structure will likely affect different firms in 
different ways and they in turn will make different adjust­
ments to the new rates. However, questions that might be 
asked are stated from the view of the industry. For example 
a. Will the competitive position of any or all of the 
geographically dispersed firms comprising the industry 
be affected so that individual firms at different loca­
tions would produce more or less than they did prior to 
the rate change? If a change affected all firms in the 
industry in the same manner, little, if any, tendency 
would exist to alter production levels of firms. An 
exception occurs when the rate change does not affect 
rates for shipping raw materials and products propor­
tionally. Should firms favorably affected by the change 
seek new more distant sources of raw materials and/or 
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markets? If so, what should be their new patterns of 
procurement and distribution? 
3. Resource supply industries provide the basic ingredients of 
products that are used to fulfill demands of consumers. If 
amounts paid to transport the ingredients to manufacturing 
or processing centers or finished products to consumers are 
changed, will there be an effect on available resources? 
Will as many be needed? Will those needed be worth as much? 
Finally, the relevant question for a particular supplier of 
resources is: "How much will his resources earn in their 
best use?"» 
4. Consumers purchase goods in the market place. If different 
amounts are paid to move goods to market (in transportation 
of either the raw materials or the finished goods), how much 
will the expenditures of consumers have to change to obtain 
the goods in question? How much will the quantity consumers 
demand change? 
B, Regional Economic Model 
The comprehensive regional economic model introduced in this 
section fulfills three purposes. First, it provides a framework 
that can be used to identify relevant problem areas for analysis when 
attempting to answer questions like those posed in the previous section. 
Second, it serves as a basis for the specific objectives of this analysis 
which are developed in the following section. Finally, it will be used 
15 
as a frame of reference when the results of this analysis and their 
implications and limitations are evaluated in section VII. 
Two of the three major components of the economic model shown in 
Figure 1, an aggregative input-output analysis and a detailed regional 
shift-share analysis, serve as elements of the third component -- a 
comprehensive model that focuses on the transportation industry and 
the role it plays in spatially allocating economic activity. An 
economic model that combines the three components in a recursive 
manner with the results of one component being used as data inputs 
for the next component could provide answers to a wide variety of 
questions, such as those posed in the previous section. 
The linkages between the components of the comprehensive model 
are illustrated in Figure 1. Rather than attempting to describe the 
model in its entirety, each of the three components will be examined 
briefly. 
1. Aggregate input-output analysis 
The basic input-output system is a system of linear equations 
that describe flows of commodities between sectors of the economy 
(11,24). Intermediate sectors include those whicn demand primary 
inputs and/or commodities from other sectors as a result of their own 
decisions to produce goods. Final sectors are treated as independent 
variables and represent final demands. The final bill of goods repre­
sents the flow of commodities to final sectors. Gross output is repre­
sented by the sum of intermediate and final demands. Amounts paid 
Land 
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Figure 1. Schematic diagram of regional economic model for use In transportation planning 
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for transportation services appear as expenditures of purchasing 
industries. 
Input-output analysis focuses on the general interdependence of 
the economy it represents. Production and distribution aspects of 
different industries are presented in detail. Manipulation of an 
interindustry transaction table that contains interrelationships 
among industries and other sectors of the economy (e.g., primary 
inputs and final demand) permits the effects of a change in one 
industry to be traced throughout the region's economy. Thus, a change 
in the quantity of wheat milled in a flour-milling center could be 
related to the remainder of the area's economy. 
2. Regional shift-share analysis 
Shift-share analysis provides a procedure for the successive 
spatial disaggregation of incomes from various kinds of economic 
activity, e.g., gross output, employment, population and land use 
(24,30). Changes in a region's economy are separated into three 
components; a national-growth effect (A); an industry-mix effect 
(B); and a regional-share effect (C). The projected change (AY^) in 
a specific regional variable may be expressed as a function of the 
base year value (Y^) and the three components in the following manner: 
AYj. = Y^ (A + B + C) 
Three linkages illustrate the complementarity existing between shift-
share and transportation approaches in the analysis of transportation 
planning and regional economic development. 
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One of the most difficult aspects of shift-share analysis is the 
estimation of the regional share effect. For example, the over-all 
growth of the flour milling industry and the importance of the industry 
in an area's economy are likely to exhibit more stable characteristics 
than those that determine in what area the indusLry will relocate. 
As discussed earlier, the settlement pattern is heavily influenced 
by the relationship between transportation for the raw material 
(wheat) and its product (flour). Consequently, the results of a 
transportation analysis would be useful in estimzting regional-share 
effects for use in a shift-share analysis. 
Another linkage focuses on the recursive nature of the compre­
hensive model. Shift-share analysis is often used to project industry 
employment on a regional basis. To the extent that employment oppor­
tunities condition migration patterns, results of a shift-share 
analysis could be used to project the geographical distribution of 
the population. The new population data would be useful in both 
input-output and transportation analyses. The population and its 
location are usually included as parameters in both types of analyses. 
A final link between transportation and shift-share analyses 
involves the distribution of a region's production. Spatial criteria 
distinguish two markets. One is the export market that requires 
interregional shipment. This market is the export market component 
of export-base theory. The other, the local market, is represented 
in Figure 1 by Local Market Demand and Employment. It represents not 
only a region's labor force but also the consumption of locally 
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produced goods and services. The local market corresponds to the 
service or residentiary aspect of export-base analyses using basic-
service or export-residentiary ratios, respectively. Interregional 
and intraregional shipments are also integral components of a trans­
portation analysis. Thus, the two approaches provide a means to 
evaluate alternate processing locations in terms of their accessi­
bility to factors and markets. 
3. Transportation analysis 
Frequently, transportation analyses minimize the cost of trans­
ferring a specific set of goods from where they are to where they 
are required. In such analyses total transfer costs refer to amounts 
paid to get the goods moved (transportation rates). Transportation 
rates reflect the pricing policy of the carrier providing the transfer 
service. Transportation pricing policies are the focal point of the 
transportation analysis portrayed in Figure 1. Transportation pricing 
policies result from interaction between the demand for transportation 
(value of service) and transportation investment policies (cost of 
service). 
The relationship between transportation pricing strategies and 
the demand for transportation dominates value-of-service pricing. To 
the firm providing the transportation service, the price is a 
determinant of revenue -- the other being the quantity of the service 
taken by those who demand transportation. 
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The relationship between transportation pricing strategies and 
investment in transportation equipment and facilities exhibits 
characteristics of the cost-of-service pricing criterion. The kind 
and amount of investment underlies the structure of costs associated 
with different kinds and amounts of equipment controlled and maintained 
by the transportation firm for the provision of transportation services. 
Establishing the relationship between the value-of-service and 
cost-of-service criteria and transportation prices completes the 
conceptualization of the analytical framework diagramed in Figure 1. 
Such a framework could be used to ferret out and measure the effects 
on different regions and sectors of the economy that were caused by 
new technology and increased competition in the transportation industry. 
C. Statement of Problem 
The role transportation rates play in determining optimum industry 
settlement patterns was presented in section I. A foundation was built 
for explaining and describing the spatial distribution of economic 
activity. Complex interrelationships involved in analyzing the extent 
and nature of interdependencies between the transportation and non-
transportation sectors in the functioning of the general economy were 
described in the first part of this chapter. Next a comprehensive 
model of the economy was introduced. The model portrays a recursive 
system for viewing many of the problems that arise from interaction 
between the transportation industry and other sectors of the economy. 
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Transportation rates (and associated expenditures for transporta­
tion) are the keystone of the model presented in Figure 1, appearing in 
each of the three separate analyses that comprise the complete system. 
In the transportation analysis the structure of rates determines 
industry orientation, which in turn reflects minimum expenditures for 
transportation. 
Both the input-output analysis and shift-share analysis incorporate 
as data results obtained from the transportation analysis. Expendi­
tures for transportation are costs to the industry purchasing their 
provision in the input-output analysis. The industry orientation 
resulting from the transportation analysis provides a basis for esti­
mating the regional share effect in the shift-share analysis. 
In the context of Figure 1, the input-output analysis is used to 
evaluate the immediate impact on the economy of a local community 
caused by changes in the employment and income generated by mills in 
the community. The milling industry's contribution to the community's 
economy depends on the quantity of flour produced, which, in turn, is 
a function of the industry orientation resulting from a particular 
structure of transportation rates for wheat and flour. 
The shift-share analysis p#_pvides the recursive aspect of the 
model diagramed in Figure 1. The industry settlement pattern obtained 
in the transportation analysis and associated recent trends are used 
to project the extent that different regions will participate in the 
wheat-flour economy in the future. The projections can be used to 
update data used in both the transportation and input-output analyses. 
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Many of the questions posed in the first section of this chapter 
could be analyzed by implementing the system diagramed in Figure 1. 
It is not the purpose of this research project to undertake analysis 
of the complete system. Rather; this study will specify and implement 
a model of the transportation analysis portrayed in Figure 1. 
Consequently, the particular objectives of this study are: 
1. to determine the change in the orientation of the flour 
milling industry resulting from the adoption of new tech­
nology in the transportation industry (Regional Impact 
Analysis), and 
2. to determine the effect on the producing and consuming 
sectors of the wheat-flour economy that results from the 
projected reorientation of the flour milling industry 
(Sectoral Impact Analysis). 
In addition to answering questions posed in this analysis, 
results obtained could be used in the subsequent implementation of 
the related input-output and shift-share analyses. 
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III. FOUNDATIONS OF A SPATIAL 
ŒNEEAL EQUILIBRIUM THEORY 
This chapter is divided into three main sections. The focal 
point is the third section where a general theoretical model is 
presented for use in answering questions concerning the role of 
transportation in the relocation of economic activity. Implementa­
tion of the theoretical model is limited by an inability to specify 
some of the relationships contained in such a model and by the 
capacity of currently available computing machinery. Both con­
siderations underlie the necessity for linking together several 
individual component analyses for sequential solution (as in Figure 1). 
Two schools of thought have converged to provide a basis for 
developing a general spatial equilibrium theory. One is location 
theory, the other Walrasian general equilibrium theory. Contribu­
tions to each are discussed in the first two sections before a 
current synthesis is described in the last section. 
A. Location Theory 
The German, von Thunen, is credited with one of the earliest 
attempts at a general locational analysis (39). Isard (10) contends 
this work was so far ahead of its time that it lay in relative 
neglect for nearly 100 years. 
The major assumption limiting the applicability of von Thunen's 
work is the one constraining it to analyzing land as a flat and 
homogenous plain. This assumption is least violated in analyzing 
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an area such as the Great Plains where major differences in cost 
reflect distance. In addition, factor mobility is not allowed. 
Even with these limitations, the theoretical analysis is still 
quite useful for analyzing the role of transportation costs in the 
determination of economic rent and land-use patterns; its main 
strength, however, is to serve as a pillar to support a more general 
theory. 
Isard (10) credits Alfred Weber (40) for the first major attempt 
to construct a general location theory. Weber inquired into the 
economic forces that guide the settlement of an undeveloped country. 
He described five interrelated strata which can to a large extent be 
juxtaposed with the five stages of growth enunciated by Rostow (32). 
Weber's first stratum is agriculture, which serves as the basis for 
the other four. They are: 2) primary industry, 3) secondary 
industry, 4) central organizing and 5) central dependent. In the 
sense that Weber focused on the location of the last four strata in 
relation to the location of the agricultural activity, his work was 
essentially a forefather of current plant and industry location 
analyses. 
Weber took demand as given; thus his efforts were partial in 
the sense that they focused on minimization of costs, which is pointed 
out by Isard when he refers to the Weberian approaches as comparative 
cost procedures and industrial complex analysis. In addition, Weberian 
analysis is partial in the sense that least-cost locations are 
determined on the basis of given transportation facilities and rate 
structures. 
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August Losch is credited with the first attempt at synthesizing 
general equilibrium analysis and location theory in an examination 
of the interdependence of spatially separated economic units and the 
resulting spatial distribution of economic activity (19). Restrictive 
assumptions (reminiscent of von Thiinen) in Losch*s work include: 
1. Continuous plain uniformly endowed with raw materials and 
with uniformly distributed population. 
2. Transportation is continuously available in aU directions r 
and charges for transportation services are given. 
3. Cost relations are used instead of production functions and 
price depends on demand alone. 
Lefeber points out that the Losch model will not yield a valid first 
approximation to, much less, a representation of a complete Walrasian 
general equilibrium system. Lefeber makes the same criticism of the 
attempt by Isard to combine relevant aspects of von Thiinen, Weber 
and Losch into a general equilibrium theory (10). 
Isard follows both von Thiinen and Losch and assumes a continuous 
transport plane. Further, he defines rather than derives a spatial 
transformation function, which fails, however, to distinguish between 
output of goods to fulfill intermediate compared with final demands. 
In short, the assumptions that hold transportation activities 
constant in problems of locational choice are the ones that limit the 
contribution of location theory to a general theory of spatial 
equilibrium. 
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B. Walrasian General Equilibrium Theory 
Often a strong hybrid results from the mating of parent strains 
with strengths that complement each other. Such is the case with 
location and general equilibrium theory. Location theory considers 
transportation as a constant and determines the optimum location of 
economic activity. In contrast, general equilibrium theory takes the 
existing spatial distribution of economic activity as given and 
incorporates transportation activity as a variable (10, Chapter 10). 
Major contributions in the incorporation of transportation into 
general equilibrium analysis are by Samuelson (33), Koopmans (15), 
Beckmann (1), Koopmans and Beckmann (17), Dantzig (4) and Fox (5). 
The model developed in the next chapter and used in the remainder 
of this thesis is based primarily on the Koopmans model (15). Major 
emphasis is placed on relaxing the assumption of a fixed location of 
economic activity associated with the initial formulation. 
C. Spatial General Equilibrium Theory 
This section presents a model less burdened by the partial 
criticism associated with the two formulations mentioned in the two 
earlier parts of this chapter. The model presented in this section 
has the capacity of dealing, at least theoretically, with most of the 
questions phrased in the first two chapters. The model is essentially 
nonoperational, however, because data are not available to specify 
all the relations it contains. Even if data were available, the scope 
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of the formulation exceeds the capacity of currently existing computa­
tional machinery. As a result, the researcher faced with the questions 
raised earlier must resort to other methods, such as linking together 
independent approaches in the manner suggested in Figure 1 and dis­
cussed in the second part of section II. 
A general model singled out for examination in this study is the 
one introduced by Lefeber in 1959 (19). Lefeber's highly elaborate 
formulation allows evaluation of plans aimed at utilization and alloca­
tion of resources and production among industries and between regions 
over time so as to yield an optimal set of goods and services for 
final demand use. 
Lefeber uses three steps in building up to his general model. 
In Part I, he focuses on the spatial allocation of productive factors, 
taking industrial location as given but ignoring the distribution of 
final goods for consumption. In Part II, the given industry location 
assumption is maintained and the analysis broadened to consider the 
spatial allocation of factors and the spatial distribution of final 
goods. Finally, in Part III, the assumption of a fixed industry 
location is relaxed; the location of the industry being determined 
in conjunction with the spatial allocation of factors and the spatial 
distribution of products. 
The Lefeber model requires adding one assumption to those normally 
associated with the customary Walrasian framework, namely, the existence 
of discrete but divisible production and consumption locations 
(connected with each other by a transportation network). The formulation 
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takes as given: 1) quantities of factors available at different loca­
tion, 2) technology and 3) the population and its location. 
Lefeber summarizes the conditions associated with an optimal 
solution to the formulation as follows: 
1. If a good produced at two different locations is shipped 
to the same market, the difference between the good's shadow 
prices at the two locations must exactly equal the difference 
between the respective marginal costs of transporting a unit 
of that good from the two production locations to that market. 
2. If a good produced at a location is shipped to two different 
markets, then the difference between the two prevailing 
market prices must exactly equal the difference between the 
respective marginal costs of transporting a unit of that 
good from the production location to the two markets. 
3. If a factor is employed in both industries locally and in 
transportation, its rent has to be uniform in all three 
occupations. This rent in turn has to equal the value of 
the factor's marginal product in each occupation, evaluated 
in terms of the shadow prices of the respective goods. 
4. If a factor is exported to another location for use in 
either one or both industries, its rent must equal the rent 
obtained by identical factors locally employed in the second 
location. This in turn must equal the values of the marginal 
products, evaluated in terms of the shadow prices of the 
goods in that location. Finally, this same rent paid in 
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the second location must equal the sum of the factor's rent 
in the first location and the cost of transportation. It 
follows that identical factors originating from one location 
and employed in the production of the same good at two 
different locations must have different values of marginal 
products. The difference between the respective values of 
the marginal product of the same factor employed in the same 
industry in both locations will equal the marginal cost of 
transporting a unit of the factor from the first to the 
second location. 
5. Factors originating in a location which imports Identical 
factors from abroad must not be employed in the production 
of transportation services. 
The five conditions represent the extension of the marginal condi­
tions to include the spatial dimension. Accordingly, a solution of 
the model represents a perfectly competitive spatial equilibrium. 
As such, it is equivalent to a maximum attainable point on a welfare 
function (16). This Pareto optimum situation is based on 1) given 
resource endowments, 2) technology and 3) location of the current 
population. 
Two ideas should be noted at this point. One relates to the 
subsequent analysis and will be examined more fully in the next 
section, namely, that the optimal solution may leave nontransportable 
factors unused. The general model just presented represents a 
comprehensive attack on the transportation analysis portion of 
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Figure 1. The given population distribution embodied in the analysis 
is a principal reason for supplementing it with the detailed analysis 
of individual regions in the context of shift-share analysis. Aggre­
gated results of such studies for several regions would provide 
general migration patterns and alternate spatial distributions of 
the population. These projections of the spatial distribution of 
the population could be used as input data in the transportation 
analysis when projecting the location of the flour milling industry 
as it adjusts not only to transportation rates but also to the new 
patterns of human settlement. 
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IV. FURTHER ELABORATION OF SPATIAL EQUILIBRIUM THEORY 
The purpose of this chapter is to survey the essential contribu­
tions that underlie the model developed in the next chapter. The 
first contribution discussed in this chapter (the Roopmans model) 
contains restrictive assumptions that take the location of economic 
activity as given. Subsequent contributions show how some of the 
restrictive assumptions can be relaxed to achieve a correspondence 
with the general formulation (Lefeber model) and as a result be used 
to evaluate problems concerning the interaction of transportation 
and the location of economic activity (Weber model). The computa­
tional simplicity associated with the Koopmans model will be sought, 
but in doing so its stringent assumptions are discarded in favor of 
the more flexible ones underlying the Lefeber model. 
A. The Transportation Problem 
In 1947 Koopmans (16) set do\m the classical transportation 
problem as a consequence of his work on the Combined Shipping Board 
during World War II. This formulation minimizes transportation costs 
of shipping specified quantities of a good from each of a number of 
sources to fulfill specified quantities required at each of a number 
of destinations. Total receipts equal total shipments and do not 
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2 
depend on price as they ïi? specified at the outset. This type of 
problem will be referred to as Koopmans' formulation» 
The Koopmans problem has the special characteristic that the 
resources available (a , or quantities to be shipped) equal require 
ments (by, or quantities needed at destinations). In its simplest 
form, it can be stated as follows : 
n m 
Minimize Z = 2 2 c. . x. . 
i=l j=l 
subject to: all x. . ^  0 
n 
and 2 x.. = a. 
j=l ^ 
m 
S X.. = b . 
i=l j 
hence 
m n 
Z a. = S b. 
i=l ^ j=l ^ 
with (i = 1, 2, ..., m) 
(j = 1, 1, ..., n) for all cases 
2 
The Samuelson adaptation of this basic model incorporates 
functions which specify the relationship of local production and 
local consunqption to local price (33). With these relationships 
and transportation charges specified, this formulation yields a 
solution that satisfies the supply-demand relations in each region 
and also minimizes transportation costs of the quantities moving 
in interregional trade. 
33 
where 
*ij 
c. . = cost 
IJ 
= numti--- or units shipped 
of shipping from origin i to destination j 
m = number of origins 
n = number of destinations 
= quantity available at origin i 
bj = quantity required at destination j. 
With m = 4, and n = 5, the transportation problem looks as the tableau 
of Figure 2. 
Sa^ - Sbj bl b2 b3 b4 b5 
ai cil (=12 ^13 ^14 (=15 
a2 C21 C22 (=23 =24 C25 
33 C31 C32 C33 ^34 C33 
^4 <=41 (=42 ^=43 4^4 4^5 
Figure 2. Tableau for transportation problem (4 origins and 5 
destinations) 
This transportation problem can be reformulated as a general 
linear programming problem. It is stated as: 
n 
Minimize Z = E c. x. 
j=l ^ ^ 
(j 1; 2^ ,,,, n) 
n  
sub jec t  to :  S  a . .  x .  ^  b .  ( i  =  1 ,  2 .  . . . .  m)  j= l  i J  J  1  
and Xj % 0 (j = 1, 2, ..., n) 
34 
where 
Xj = variable to be determined, n are being considered 
Cj = per unit contribution of the jth variable to the objective 
function 
Z = objective function to be minimized 
a^j = exchange coefficient of the jth variable in the ith 
constraint 
b^ = requirement to be met. 
A tableau that allows for each of four origins to ship to each of 
five destinations is given in Figure 3. 
The a^, h^, b^, b^ and b^ in the right-hand column 
of Figure 3 are the a and b in the notation of the presentation of the 
transportation problem and the a^^ of the general presentation all have 
the value of one and appear before each x item in the transportation 
formulation; thus, here they are omitted. Here, just as in the trans­
portation formulation, the a^ represent quantities at origins, the b^ 
are quantities at destinations, the x^^ are the quantities shipped 
from origin i to destination j and c^^ are the costs associated with 
shipping from origin i to destination j. 
A linear programming problem (primal) has another programming 
problem associated with it (dual) (4, p. 124)-,-
The dual problem exhibits the following symmetric relationship 
to the primal problem: a) the coefficient matrix (a^j) is transposed, 
b) the constant terms (b^) and coefficients of the objective function 
. . .  *  .  •  •  • " ' ' ^ 4 5 * 4 5  "  ^ ( m i n )  
Xii+Xi2+Xi3+Xi^+X^5 = a^ 
*21**22^*23**24**25 ®2 
X31+X32+X33+X34+X35 - 63 
*41**42**43**44+*45 " ®4 
*11+ *21+ *31* *41 ^1 
*12* *22* *32* *42 " ^2 
*13* *23* *33* *43 ° ^3 
*14* *24* *34+ *44 " ^4 
*15* *25* *35* *45 " *^5 
Figure 3, General linear programming formulation of transportation problem (4 origins and 5 
destinations) 
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(Cj) are interchanged, c) the direction of inequalities is reversed 
and d) the objective function is maximized rather than minimized. 
Consequently, the dual of the primal problem presented earlier 
can be stated as : 
m 
Maximize V = 2 b. y. _ (i = 1,2, . . m) 
i=l ^ 1 
m 
subject to: S a., y. ^ c. (j = 1,2, . . ., n) 
1 J ' ' 
and y^ a 0 (i = 1,2, . . ., m) 
where the variables to be determined are now the y*s instead of the 
x's in the primal problem. The values of the y's are important when 
interpreting the economic implications of an optimal solution, but 
interpretation is left until after the dual of the transportation 
3 
problem is presented. 
In writing the dual of the transportation formulation, is the 
dual variable associated with the first set of equations (i.e., the 
row equations of Figure 3 relating to availability constraints) and 
Vj is the dual variable of the second set of equations (i.e., the 
column equations of Figure 3 relating to requirement constraints) (38, 
p. 123). Consequently, the dual problem may be stated as: 
m n 
Maximize S a. u. - S b. v. 
i=i " " j=i : j 
The notation of the dual problem in the transportation problem 
is not only used for economic interpretation of an optimal solution, 
but also in the determination of the least cost shipping schedule. 
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4 
subject to: u. - v. ^  c. . (for all i and all j). 
1 J ij 
There are m + n unknowns, but only m + n - 1 independent equa­
tions; consequently, one of the unknowns can take an arbitrary value. 
In addition, the dual variables are not restricted in sign because 
the constraints in the dual system are equations in the primal system. 
In the primal problem, the objective in economic terminology is 
to minimize the cost of transportation in fulfilling given require­
ments at specified locations with given supplies at other specified 
locations. The economic interpretation associated with the dual is 
to maximize the increase in the value of the shipments subject-to 
5 
the constraint of nonpositive profits on each shipment. 
Numerous applications of the transportation problem appear in the 
literature. The first spatial equilibrium application was by Fox (5) 
who used given feed grain supplies and transportation costs with a 
feed grain demand function to determine interregional trade in feed 
grains and their price in each region. ' 
The popularity of the transportation formulation has declined 
in recent years, due to its assumptions. Attention centered on the 
The equality holds in the last equation (c^j - - vj = 0) for 
the dual relations corresponding to the (i,j) pairs in an optimal 
primal solution. Furthermore, the relationship between the uj^ or vj 
associated with an x not in the optimal solution indicates the amount 
the corresponding c would have to be adjusted for that x to be a part 
of the optimal solution. 
^Zero rather than negative profits are associated with an optimal 
solution. 
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development of models with less restrictive assumptions. As initially 
formulated; it could cope with only a narrow range of problems. Costs 
of transporting one commodity were minimized and supplies were fixed 
and given and set equal to requirements which were also fixed and 
given. Thus, the approach was open to the criticism of taking the 
existing spatial distribution as given. In doing so, the implicit 
assumption is that the distribution of supplies and requirements 
represent a perfectly competitive equilibrium. 
B. The Transhipment Problem 
Orden developed a modification of the Koopmans* formulation 
that circumvented some of its restrictive assumptions (28). This 
modification enables shipments of a good to pass by a sequence of 
points (transhipment points) rather than direct from origin areas 
to destination areas. The basic transportation problem is modified 
by allowing each production and consumption area to act as a possible 
shipment (transhipment) point. As such it focuses on the role of 
nodes in the transportation network and is a first attempt at cir­
cumventing the given location of economic activity assumption. 
King and Logan (14) used the Orden formulation to examine inter­
relationships between transportation costs for live cattle and dressed 
beef and processing costs in fulfilling the California demand for 
beef. Specifically, the question asked was: "Should animals be 
slaughtered at the source and the meat shipped, or should animals be 
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shipped and slaughtered at one of several possible points, and then 
meat shipped to the demand areas?" (14). 
Judge, Havlicek and Rizek (12, p. 9) indicated the King-Logan 
formulation handles problems involving only one primary and final 
commodity. Their article demonstrates the King-Logan model is too 
restrictive for many problems which need to consider a larger number 
of interrelated products. Rather, Judge, et al., conclude that a 
general linear programming formulation is more capable of solving 
problems involving more than one factor and/or product. 
Brokken (2) used a general linear programming formulation to 
determine the optimum land use pattern for four crops, wheat, feed 
grains, soybeans and cotton. Intermediate activities involved livestock 
production, thus increasing the number of products considered. Demands 
and transportation costs were predetermined. 
Later, in 1965, Hurt and Tramel (8) made some adjustments to the 
King-Logan formulation. The Hurt-Tramel adjustments indicate how the 
King-Logan problem .can be solved within the transportation model frame­
work (Koopmans) without the iterative process used by King and Logan. 
It also shows how a solution can be interpreted directly, without 
subtraction of artificial variables (that reflect economies of scale 
in processing). 
The transhipment model was modified in 1966 by Leath and Martin 
(18). A solution to their formulation specifies least-cost locations 
for processing and storage. As such it determines rather than assumes 
the efficient location of economic activity. The amount and location 
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of raw materials are taken as given as are the size and location of 
product markets. Thus the formulation is consistent with the assump­
tions underlying the Lefeber model. 
In the Leath and Martin formulation of the transhipment model, a 
more general multifactor, multiproduct, multiregion and multiplant 
problem can be solved. An example shows how to derive the optimal 
flow pattern for a system that encompasses two products and five 
activities. In the example each activity — production, acquisition, 
storage, processing and distribution — is shared by two regions. 
Finally, methods of entering constraints that reflect a) equalities 
and/or inequalities on supplies and/or demands and b) the amount of 
a commodity that can move between two points at a given rate are 
demonstrated. 
Thus, the basic transhipment model (an outgrowth of the trans­
portation problem) is capable of analyzing a broader range of 
problems than was previously possible. One modification and its 
implementation is the subject of this study. 
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V. DEVELOPMENT AND IMPLEMENTATION OF BASIC MODEL 
Approaches used to analyze spatial problems have been described 
in the preceding two chapters. In the first part of this chapter the 
multiregion, multiproduct transhipment model developed by Leath and 
Martin is modified so that it can be used to analyze the problem 
stated in section II. To meet the objectives of this study, the 
Leath-Martin formulation is refined to focus on the acquisition of 
wheat and distribution of flour by mills. Additional transportation 
activities represent the movement of wheat from producing areas to 
ports for export. Hypothetical data are used in prototypes of the 
four formulations employed in the remainder of this analysis. In 
the second part of this chapter implementation of the full-scale 
models is discussed. 
A. Development of Basic Model 
A model that enables an analysis of the interaction between 
transportation rates for wheat and flour and the location of the 
flour milling industry requires a formulation that incorporates 
transport activity as a variable. In contrast, wheat available for 
shipment from producing areas and flour requirements at centers of 
population must remain constant in a formulation aimed at isolating 
the interaction between transportation rates and the location of 
flour milling. These two characteristics of the problem facilitate 
the adaptation of the transhipment formulation. In an analysis 
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focusing on the role transportation plays in the wheat-flour economy, 
however, separate activities need to be included that represent the 
transport of wheat from the same producing areas to coastal areas 
for export. Thus, the formulation presented in Figure 4 encompasses 
the required wheat export market characteristics for four \dieat supply 
areas, three flour milling centers and five flour markets. Further­
more, it is solvable by the computationally convenient transportation 
algorithm. 
Entries in the cost matrix are interpreted as : 
Submatrix A: Zeroes on main diagonal, ® elsewhere. 
Submatrix B: Wheat transport costs from supply points to ports. 
Submatrix C: Zeroes on main diagonal, ® elsewhere. 
Submatrix D: Wheat transport costs from supply points to mill 
centers. 
Submatrix E: Zeroes on main diagonal, elsewhere. 
Submatrix F : Flour transport costs from mill centers to consump­
tion areas. 
Entries in the boundary row and column are interpreted as ; 
WS: Wheat supply. 
MC: Milling capacity. 
EX: Export requirements. 
FC: Flour requirements. 
A solution to the formulation will have entries in the sub-
matrices that exhibit the following characteristics : 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2 3 4 5 6 7 a 9 10 11 12 13 14 
Wheat : 
Supply 
to 
Export 
WS 
Wheat : 
Supply 
to 
Milling 
D 
WS 
E 
Flour ; 
Milling to 
Consumption 
MC 
WS MC EX FC 
Transhipment formulation of the wheat-flour economy 
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A (wheat for milling) + B (wheat for expert) = wheat supply 
A (wheat for milling) + C (wheat for export) = wheat supply 
D (^eat for milling) + C (wheat for export) = wheat supply 
D (wheat for milling) + E (excess milling capacity) = milling 
capacity 
F (flour requirements) + E (excess milling capacity) = milling 
capacity 
Four illustrative problems and a solution to each are presented. 
Each is a prototype of the four models employed in the remainder of 
the analysis. Each prototype involves four wheat supply areas, three 
flour milling centers, two export markets and five flour markets. 
Wheat supplies, export and flour requirements, milling capacities 
and transportation rates are hypothetical, but reflect the nature 
of the alternate formulations of the full-scale model. 
Model A represents the situation that prevailed prior to the 
development of intermodal competition and new transportation tech­
nology. Transportation rates used in Ifodel A reflect the complex 
structure of rates based on place and commodity discrimination and 
value of service criteria. Milling capacity at each location is 
constrained at currently available capacities to reflect the 
orientation of the milling industry to the structure of transporta­
tion rates existing at that time. 
Model B relaxes the constraint on milling capacity at all loca­
tions. To the extent the industry was optimally located as reflected 
by the capacity constraints of Model A, little difference, if any, 
would be expected in a solution to Model B. 
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Model C is designed to evaluate the consequences of reducing 
transportation rates for wheat but not for flour. Wheat transporta­
tion rates are reduced 20 percent. To isolate"the effect of trans­
portation rates, flour milling capacity is constrained as in Model A. 
Model D combines the characteristics examined in isolation in 
Models B and C. Transportation rates for wheat are 20 percent below 
those for flour. Milling capacity is not constrained. A solution 
to such a formulation represents the long-run adjustments in the 
orientation of the industry, i.e., new mills will be built in loca­
tions that reflect the new relationship between transportation rates 
for wheat and flour, 
1. Model A 
In the formulation of Model A (Figure 5) the \^eat supplies are 
Rows 1 and 5, column 1 
Rows 2 and 6, column 2 
Rows 3 and 7, column 3 
Rows 4 and 8, column 4 
8 
a  =  Z  
i=l ^ i=5 
S a. = S b. 
1 -, J j=l 
Grand Forks, N.D. 
Minot, N.D. 
Hutchinson, Kan. 
Leoti, Kansas 
20 units 
20 " 
20 " 
20 " 
80 units 
Capacities of milling centers are : 
Row 9, column 5 
Row 10, column 6 
Row 11, column 7 
Minneapolis, Minn. 
Kansas City, Mo. 
Buffalo, N.Y, 
11 
S a, = S  b .  
i=9 ' j=5 ^ 
20 units 
20 " 
20 " 
60 units 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
220 
8 10 11 12 13 
0 
45 
55 
44 
54 
23 
33 
52 
6 2  
20 31 84 
30 41 94 
29 17 86 
39 27 96 
0 
D 
0 
12 
66 
11 
0 
71 
21 
12 
59 
27 
32 
39 
20 20 20 20 20 20 20 10 10 
Illustrative example, Model A 
\ 
\ 
\ 
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Export requirements are : 
Column 8 
Column 9 
New Orleans, La. 
Duluth, Minn. 
20 units 
10 " 
S b. 
j=8 J 
30 units 
Flour requirements are 
Column 10 
Column 11 
Column 12 
Column 13 
Column 14 
14 
2 b. 
j=10 ^ 
Minneapolis, Minn. 
Kansas City, Mo. 
St. Louis, Mo. 
Chicago, 111. 
New York, N.Y. 
5 units 
5 " 
5 " 
10 " 
25 " 
50 units 
Transportation costs are the shown in Figure 5. In Model A 
11 7 
milling capacity ( S a. = 2 b. = 60) exceeds flour requirements 
14 ' 4 
( 2 b. = 50). Furthermore, supply (2 a. = 80) equals export 
j=10 ^ g i=l "• 
14 
requirements (2 b. = 30) plus flour requirements ( 2 b. = 50). 
j=8 ^ j=10 ^ 
A solution to the Model A formulation is given in Figure 6. Ten units 
of the North Dakota v^eat goes to Duluth for export, 15 to Minneapolis 
for milling and the remaining 15 to Buffalo for milling. Flour milled 
at Minneapolis fills flour requirements at Minneapolis (5 units) and 
Chicago (10 units). The 15 units of flour milled at Buffalo fills 
part of the New York requirement. Twenty units of Kansas wheat goes 
to New Orleans for export, 15 to Kansas City for milling and the 
remaining 5 to Buffalo for milling. Kansas City milled flour fills 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Fi. 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
220 
10 
10 
15 
5 
10 
15 
6 7 8 9 10 11 12 13 
B 
10 
5 
15 
15 
15 
E 5 10 
5 5 
20 20 20 20 20 20 20 10 5 5 5 10 
A primai solution to illustrative example. Model A 
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requirements at Kansas City (5 units), St. Louis (5 units) and New 
York (5 units). The 5 units of Kansas wheat milled at Buffalo ful­
fills the remaining New York requirement. The 10 units of excess 
milling capacity are divided between Minneapolis (XQ ^ ~ 5 units) 
and Kansas City (X^g g = 5 units). 
With respect to the dual problem, the i,j pairs in the solution 
are : 
"l 
-
^1 
— 0 
"7 
— 
^3 
= 0 
"l 
-
= 23 
"7 
-
^6 
= 17 
"2 
-
^2 
= 0 
"s 
-
= 0 
"2 
-
^9 
= 33 
"8 
-
= 96 
"3 
-
^3 
= 0 
"9 
-
^5 
= 0 
"3 
-
^8 
= 44 
"9 
-
^10 
= 0 
"4 
-
^4 
= 0 
"9 
-
^13 
= 27 
"4 
-
^8 
= 54 
"lO 
-
^6 
= 0 
"5 
-
^1 
= 0 
"lO 
-
^11 
= 0 
"5 
-
^5 
= 20 
"lO 
-
^12 
= 12 
"5 
-
^7 
= 84 
"lO 
-
^14 
= 112 
"6 
-
^2 
= 0 
"ll 
-
^^14 
= 41 
"6 
-
^5 
= 30 
Setting Vg = 2.00 (price at New Orleans at $2 per unit) gives 
the following values for the other dual variables: 
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1.58 ^1 = 1.58 
^2 
= 
1.48 
^2 
1.48 
'3 
= 
1.56 
^3 1.56 
^4 
= 
1.46 1.46 
'5 
= 
1.58 ^5 = 1.78 
'6 
= 
1.48 ^6 = 1.73 
'7 
= 
1.56 ^7 = 2.42 
's 
= 
1.46 I
t 2.00 
'9 
= 
1.78 
^9 1.81 
^10 
= 
1.73 
^10 " 
1.78 
Ï1 - 2.44 ^11 " 1.73 
^12 " 
1.85 
^13 " 
2.05 
II > 2.85 
This set of dual variables (prices) multiplied by the quantity 
associated with each provides for further economic interpretation of 
the solution. 
The value of \Aieat in production areas is the sum of the price 
in each producing area times the quantity the area supplies : 
Grand Forks 20 units @ $1.58 = $ 31.60 
Minot 20 " @ 1.48 = 29.60 
Hutchinson 20 @ 1.56 = 31.20 
Leoti 20 " @ 1.46 = 29.20 
$121.60 
Similarly, the value of \^eat and flour in market areas is : 
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Export 
New Orleans 20 units e $2.00 = $40.00 
Duluth 10 " e 1 .81 18.10 
Flour 
Minneapolis 5 units @ $1.78 — $ 8.90 
Kansas City 5 " e 1 .73 = 8.65 
St. Louis 5 " e 1 .85 
= 9.25 
Chicago 10 " @ 2 .05 = 20.50 
New York 25 " @ 2 .85 71.25 
Transportation costs in this problem are : 
Export 
Minot to Duluth 10 units e .33 = = $ 3.30 
Hutchinson to New Orleans 5 tl e .44 = 2.20 
Leoti to New Orleans 15 It @ .54 = 8.10 
$13.60 
To mills 
Grand Forks to Minneapolis 5 units e .20 = = $ 1.00 
Grand Forks to Buffalo 15 II e .84 = = 12.60 
Minot to Minneapolis 10 II @ .30 = 3.00 
Hutchinson to Kansas City 15 II e .17 = 2.55 
Leoti to Buffalo 5 II (? .96 = 4.80 
$23.95 
From mills 
Minneapolis to Minneapolis 5 units 0 = = $ 0 
Minneapolis to Chicago 10 It e .27 = 2.70 
Kansas City to Kansas City 5 It e 0 = 0 
Kansas City to St. Louis 5 It .12 = .60 
Kansas City to New York 5 II @1 .12 = 5.60 
Buffalo to New York 20 II e .41 = 8.20 
$17.10 
$ 58.10 
$118.55 
$176.65 
$54.65 
In Model A the difference between the value in market areas 
($176.65) and the value in producing areas ($121.60) is $55.05 and 
exceeds the transportation costs ($54.65) by $A0. The discrepancy 
results from the constraint on milling capacity and arises in the 
following way. The New York price (v^^) is determined by the need 
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for it to fulfill part of its flour requirements with shipments from 
Kansas City. The relevant equation in the dual system is : 
"lO *^10,14 " ^14 
In value terms the equation is : 
$1.73 + $1.12 = $2.85 
New York also receives flour from Buffalo, the relevant equation in 
the dual system being: 
"ll *^11,14 ^ ^ 14 
With Cj^J^ = $.41 and Vj^^ = $2.85, the value of u^^^ (flour leaving 
Buffalo) is $2.44. The price of wheat arriving at Buffalo (vy = $2.42) 
is based on producing area prices plus transportation costs to Buffalo. 
Two producing areas. Grand Forks (u^ = 1.58) and Leoti (ug = 1.46) ship 
wheat to Buffalo at transportation costs of $.84 (c^ ^ ) and $.96 (Cq .,) 
J  y l  O y i  
respectively. The relevant dual equations are: 
"5 "=5,7 ° '7 
"8 + =8,7 ' ^ 
In terms of value each equation indicates the $2.42 price for wheat 
arriving in Buffalo: 
1.58 + .84 = 2.42 
1.46 + .96 = 2.42 
Disregarding value added by processing, flour leaving Buffalo (a^^ = 
$2.44) is worth $.02 per unit more than wheat arriving in Buffalo 
(Vy = $2.42). Consequently, the 20 units of Buffalo milling capacity 
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each captures a 2 cent premium as a result of the New York price based 
on the cost of procuring flour from Kansas City. 
Relaxing the constraint on milling capacity at Buffalo should 
allow New York to fulfill its requirements with Buffalo milled flour 
and as a consequence eliminate the difference between the prices of 
receipts at and shipments from Buffalo (i.e., Uj^^^ = Vy). Thus, un­
constrained milling capacities underlie the development of Model B. 
2. Model B 
In Model A milling capacity was constrained to 60 units, 20 at 
each milling center. Fifty units of milling capacity were used. The 
solution indicated additional capacity at Buffalo would have decreased 
the total expenditures for transportation. Since all milling con­
ceivably could occur at one center, the capacity of each mill center 
in Model B is set equal to total flour requirements (Figure 7). Thus, 
in Model B, a^ = a^^ = a^^^^ = b^ = b^ = b^ = 50 instead of 20 as in 
Model A. All other data are unchanged from Model A. Total milling 
capacity in Model__B-ia 15g^uni^ or 100 units more than that required. 
Thus a solution to Model B will have entries in submatrix E that total 
100. 
A solution to Model B is given in Figure 8. The shipment pattern 
in the Figure 8 solution is basically the same as the Model A solution 
(Figure 6). Kansas ships 5 more units of wheat to Buffalo and 5 less 
to Kansas City. New York receives 5 more units of flour from Buffalo 
and 5 less frcxn Kansas City. These changes stem from relaxing the 
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A primal solution to illustrative example. Model B 
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constraints on milling capacity. In Model A Buffalo milled 20 units, 
Minneapolis and Kansas City, 15 units each. In Model B, Buffalo mills 
25 units, Minneapolis, 15 units and Kansas City, 10 units. 
As in Model A, the dual system is based on Vg = $2,00 (price of 
wheat at New Orleans), Values of other dual variables are: 
"l 
= 1,58 
^1 
= 
1.58 
"2 
= 1,48 
^2 
= 
1.48 
"3 
= 1,56 
^3 
= 1.56 
= 1,46 
^4 
= 1.46 
"5 
= 
1.58 
^5 
= 1.78 
"6 
= 1.48 
^6 
= 1.73 
"7 
= 1.56 
^7 
= 2.42 
"8 
= 1.46 
^8 
= 2.00 
"9 
= 1.78 
^9 
= 
1.81 
"lO 
= 
1.73 
^10 
= 1.78 
"11 
= 2.42 
^11 
= 1.73 
^12 
= 1.85 
^13 
= 2.05 
^14 
= 2.83 
The values of wheat in producing areas ($121.60) and at export 
markets ($58.10) are unchanged from their Model A level. The value of 
flour in the 5 market areas is $118.05 — fifty cents less than in Model 
A, The decrease results from a 2 cent decline in the value of v,,, from 
-- 14 
$2,85 in Model A to $2,83 in Model B. Total transportation costs decreased 
only 10 cents, however, from $54.65 to $54.55, Elimination of the 
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40 cents captured by Buffalo millers as a result of the higher New 
York flour price in Model A (20 units at 2 cents per unit) accounts 
for the remainder of the 50 cent decrease. The lower New York price 
also makes the price of flour leaving Buffalo equal to the price of 
wheat arriving there (i.e., u^^^ = v^ = 2.42). 
3. Model C 
Model C is designed to evaluate the effect of decreased trans­
portation charges for wheat. To do so, all c^^ elements in sub-
matrices B and D are reduced to 80 percent of their Model A (also 
Model B) level. Constraints on milling capacity are imposed at 
Model A levels. The complete formulation is given in Figure 9. 
A solution is given in Figure 10. The shipment pattern is 
substantially unaffected by the decrease in transportation charges 
for wheat. Total transportation costs in Model A were $54.55. In 
Model C they are $47.05, a decrease of $7.60. 
The dual system provides a basis for analyzing the impact of 
this reduction. Setting the New Orleans price at $2.00 (v^ = $2.00) 
gives the following values to the dual variables : 
u^ = $1.67 
U2 = 1.59 
u^ = 1.64 
Uy = $1.65 
Us = 1.57 
Ug = 1.83 
u 
'4 
1.57 
u 
'5 
1.67 u 
11 
2.49 
"6 = 1-59 
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Figure 10, A solution to illustrative example, Model C 
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^1 = $1.67 
^8 
$2.00 
^2 " 1.59 ^9 
1.85 
^3 " 
1.64 
"^10 " 
1.83 
^4 = 1.57 
^11 " 
1.79 
1.83 
^12 " 
1.91 
^6 = 1.79 
^13 ^  
2.10 
^7 = 2.34 
^14 " 
2.90 
The value of wheat in each of the producing areas is : 
Grand Forks, N.D. 20 units @ 1.67 = 33.40 
Minot, N.D. 20 " (§ 1.59 = 31.80 
Hutchinson, Kan. 20 " (? 1.65 = 33.00 
Leoti, Kan. 20 " 0 1.57 = 31.40 
129.60 
The reduction in transportation costs resulted in an $8.00 increase 
in the value in producing areas, $129.60 in Model C compared to $121.60 
in Model A. 
In Model C the value of wheat and flour in market areas is: 
Export 
New Orleans 20 units (? 2.00 40.00 
Duluth 10 " @ 1.85 18.50 
Flour 
Minneapolis 5 units @ 1.83 9.15 
Kansas City 5 " (a 1.79 8.95 
St. Louis 5 " @ 1.91 9.55 
Chicago 10 " @ 2.10 21.00 
New York 25 " @ 2.90 72.50 
58.50 
121.15 
179.65 
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Transportation costs in this problem are: 
Export 
Minot to Duluth 10 units @ .26 = 2.60 
Leoti to New Orleans 20 " @ .43 = 8.60 
To mills 
11.20 
Grand Forks to Minneapolis 10 units .16 = = 1 .60 
Grand Forks to Buffalo 10 I f  .67 = = 6 .70 
Minot to Minneapolis 10 tl .24 = = 2 .40 
Hutchinson to Kansas City 10 f t  e .14 = = 1 .40 
Hutchinson to Buffalo 10 I t  .69 = = 6 .90 
19.00 
From mills 
Minneapolis to Minneapolis 5 units 0 = 0 
Minneapolis to Chicago 10 I t  .27 = = 2 .70 
Minneapolis to New York 5 I I  1.07 = = 5 .35 
Kansas City to Kansas City 5 I t  0 = 0 
Kansas City to St. Louis 5 I I  .12 = .60 
Buffalo to New York 20 I t  .41 = = 8 .20 
16.85 
47.05 
The value of wheat and flour in market areas increased only $3.00 
(from $176.65 in Model A to $179.65 in Model C). This was $5.00 less 
than the increase in the value in producing areas. Transportation 
costs declined $7.60 (from $54.65 to $47.05); however, the $2.60 
discrepancy resulting from Buffalo millers capturing $3.00 as a 
result of a high New York flour price (due to necessity of acquiring 
some flour from Minneapolis) in Model C, whereas the comparable amount 
in Model A was $.40. 
4. Model D 
Model D is the last formulation presented (Figure 11). It can 
be related to each of the three previous formulations. Compared to 
Model C; the constraints on milling capacity are relaxed in Model D. 
\ I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 0 
A 36 18» 20 
2 0 45 26 20 
3 0 36 42 20 
4 0 43 50 20 
5 0 
C 
16 25 67^ 20 
6 0 24 33 75 20 
7 0 23 14 69 20 
8 0 31 22 77 20 
9 0 
E 0 11 21 27 107 ^  50 
10 0 12 0 12 32 112 50 
11 0 66 71 59 39 41 50 
20 20 20 20 50 50 50 20 10 5 5 5 10 25 310 
Figure 11. Illustrative example. Model D 
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Models B and D have no constraints on milling capacity, but in Model 
D each of the c^^ (cost of transporting \dieat) is 20 percent under 
its Model B level. In Model A milling capacities are constrained and 
wheat transportation rates are at the higher level so Model D deter­
mines the combined effect of the two factors examined in isolation 
in Models B and C. 
A solution is presented in Figure 12. The pattern of shipment 
closely resembles the other formulation with no constraints on 
capacity (Model B). 
In the dual system the values of other dual variables are (v^ 
= $2.00):  
II 
I-
l a
 $1.67 < II $1.67 
II 
1.59 ^2 = 1.59 
"3 = 1.64 
^3 1.64 
II 1.57 '4 = 1.57 
"5 = 1.67 ^5 = 1.83 
"6 = 1.59 ^6 = 1.79 
II 1.65 ^7 = 2.34 
II a
~
 1.57 
^8 
2.00 
c
 
V
O
 II 1.83 Vo = 1.85 
"lO ^ 
1.79 I
I S
 
!> 
1.83 
"11 = 2.34 
^11 " 
1.79 
^12 " 
1.91 
""13 " 
2.10 
^14 " 
2.75 
20 
20 
20 
20 
20 
20 
20 
20 
50 
50 
50 
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A solution to illustrative example, Model D 
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Applying the relevant Model D prices to available supplies, the 
value in producing areas is : 
Grand Forks, N.D. 20 units 1.67 33.40 
Minot, N.D. 20 I t  1.59 31.80 
Hutchinson, Kan. 20 1 1  e 1.65 33.00 
Leoti, Kan. 20 I f  e 1.57 31.40 
129.60 
The value in market areas is : 
Export 
New Orleans 20 units 0 2.00 40.00 
Duluth 10 I I  1.85 18.50 
Flour 
Minneapolis 5 units 1.83 9.15 
Kansas City 5 I I  e 1.79 8.95 
St. Louis 5 I I  1.91 9.55 
Chicago 10 I I  2.10 21.00 
New York 25 I t  e 2.75 68.75 
117.40 
175.90 
The value in producing areas is the same as in Model C. The 
value in market areas, however, is $175.90, or $3.75 below the Model C 
level of $179.65. Transportation costs decreased $.75 from $47.05 
to $46.30 and the use of the least cost milling locations (due to 
relaxing capacity constraints) reduced the New York flour price and 
as a result eliminated the $3.00 captured by optimally located mills 
in the constrained system (Model C). 
In conclusion, these examples indicate a proportional change 
in rates (20 percent reduction of wheat rates) do not significantly 
affect the least-cost pattern of shipments. Shipment patterns are 
affected more by relaxation of the constraints on milling capacities. 
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In contrast, in these examples, the level of rates has more effect 
on returns to producers and expenditures of consumers than the loca­
tion of milling. 
B. Implementing Model of Wheat-Flour Economy 
Presentation and description of the four prototype models in the 
initial part of this chapter indicate the kinds of data needed to 
examine the spatial interaction between the transportation industry 
and the wheat-flour economy. Data requirements of the spatial model 
relate to the separate economic activities of production, consumption, 
transportation and processing. Development of data to represent each 
activity is presented after the basic problem of regional demarcation 
is discussed. Availability of data and ability to answer the questions 
posed are factors underlying regional demarcation (5,13). Obviously, 
if relevant data do not exist for a particular set of regions, the 
set cannot be used in an analysis of the problem. 
Similarly, results of an analysis are applicable to the set of 
regions used to obtain them. That is to say, an analysis using highly 
aggregated data (e.g., states as regions) will not provide valid 
conclusions for regions exhibiting less aggregation (e.g., counties). 
Thus, analysis of state data cannot be used to answer questions per­
taining to activity in different areas within the state. Consequently, 
more than one region is needed to represent a state when areas within 
it have typically been oriented to various markets, none of which has 
the same geographical relationship to the areas within the state. 
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Analysis of the interaction between the transportation industry and 
the wheat-flour economy requires a demarcation of regions that 
facilitates accurate measurement of shipping costs between regions 
that ship to or receive from each other. 
Delineating a different region for each point with a different 
transportation cost could not be implemented because of lack of data. 
Even if data were available, such a regional demarcation would not 
be feasible from a computational view. Recognizing differences in 
transportation costs to or from other areas, however, was the primary 
factor considered in conjunction with availability of data during the 
process of regional demarcation. 
The process of regionally demarcating the production and export 
of v^eat, the capacity of flour mills and the consumption of flour 
is incorporated with a description of data used in the analysis, 
1. Wheat supply 
The models formulated in the early part of this chapter require 
estimates of the quantities available at different geographical loca­
tions. The location of wheat production is fixed as a result primarily 
of the influence of climatic and geological conditions. Abnormal 
climatic conditions may substantially affect the geographical distri­
bution of a single crop, but such incidents tend to cancel one another 
over longer periods. 
A data bank maintained by the Center for Agricultural and Economic 
Development, Iowa State University, contains annual estimates of the 
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agricultural production of 144 regions in the United States. The bank 
provided ten-year average (1950-61) yield and acreage data to estimate 
wheat production (adjusted to reflect requirements for seed) for each 
of the 144 areas (41). 
Some of the 144 regions have little or no wheat production (e.g., 
several of the 144 regions represent cotton producing areas). Other 
regions are too large or irregularly shaped for use in an analysis 
focusing on transportation. Consequently, to obtain production esti­
mates for this analysis, the 144 regions (Appendix A) are regrouped 
into 71 regions according to the demarcation indicated in Figure 13 
and Table 1. 
2. Flour milling capacity 
Models A and C require estimates of current flour milling capacity 
on a regional basis. A comprehensive historical description of the 
location of the flour milling industry appears in a series of articles 
by Fred Lukerman in The Northwestern Miller (20,21,22,23). 
Lukerman identifies factors that influenced the development of 
major milling centers. The evolution of the industry's location is 
geographically presented and its current (1959) geographical distribu­
tion described. 
Consideration of relevant location factors (discussed in the 
articles) as they relate to transportation costs involved in wheat 
procurement and flour distribution produces the delineation of milling 
regions presented in Figure 14. The milling capacity of these regions 
(Table 2) was obtained by aggregating capacities of individual mills. 
I 
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Table 1. Regional supply of wheat (1951-60 average)^ 
Region 
(Thou, 
cwt.) Region 
(Thou, 
cwt.) 
1 Rochester, NY. 4,314 37 Parsons, Kan, 7,971 
2 Lancaster, Pa. 12,709 38 Emporia, Kan, 14,449 
3 Rocky Mount, N.C. 8,048 39 Mankato, Kan, 14,777 
4 Augusta, Ga. 3,131 40 Salina, Kan. 8,771 
5 Greenville, Miss. 2,620 41 Hutchinson, Kan, 24,092 
6 Clarksville, Tenn. 4,894 42 Colby, Kan, 12,394 
7 Findlay, Ohio 28,144 43 Lamed, Kan. 19,261 
8 Jasper, Ind. 4,630 44 Downs, Kan. 10,217 
9 Logansport, Ind. 17,036 45 Leoti, Kan. 4,622 
10 Battle Creek, Mich. 19,908 46 Meade, Kan. 10,484 
11 Watertown, Wise. 1,033 47 Guthrie, Okla. 7,510 
12 Coming, Iowa 1,406 48 Enid, Okla. 16,347 
13 Granite Falls, Minn. 3,946 49 Hooker, Okla. 12,095 
14 Decatur, 111. 8,361 50 Altas, Okla. 7,777 
15 Centralia. 111. 18,877 51 Amarillo, Tex. 12,575 
16 Cape Girardeau, Mo. 4,804 52 Sweetwater, Tex. 5,566 
17 Lamar, Mo. 5,260 53 Corsicana, Tex. 4,043 
18 Macon, Mo. 8,213 54 Havre, Mont. 12,527 
19 Crookston, Minn. 6,177 55 Wolf Point, Mont. 20,044 
20 Grand Forks, N.D. 4,508 56 Great Falls, Mont. 6,789 
21 Minot, N.D. 2,378 57 Billings, Mont. 6,373 
22 Devils Lake, N.D. 3,377 58 Torrington, Wy. 3,306 
23 Jamestown, N.D. 4,753 59 Sterling, Colo. 6,368 
24 Tioga, N.D, 7,385 60 Limon, Colo. 14,172 
25 Dickinson, N.D. 8,922 61 La Junta, Colo. 3,475 
26 Bismark, N.D. 4,080 62 Tucumcari, N.M. 587 
27 Wyndmere, N.D. 3,705 63 Pocatello, Ida. 9,483 
28 Lemmon, S.D. 5,297 64 Plummer, Ida. 5,671 
29 Redfield, S.D, 9,612 65 Ogden, Utah 2,767 
30 Milbank, S,D, 2,025 66 Pendleton, Ore. 22,229 
31 Mitchell, S.D. 3,557 67 Colfax, Wash. 13,995 
32 Sidney, Neb. 13,940 68 Lind, Wash. 17,030 
33 Lincoln, Neb. 17,017 69 Presser, Wash. 3,839 
34 McCook, Neb. 17,943 70 Stockton, Calif. 6,769 
35 Atchinson, Kan. 5,277 71 Picacho, Ariz. 484 
36 Garnett, Kan. 6,467 
^Source : Appendix A. 
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Figure 14. Regional delineation of milling centers 
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Table 2. Flour milling capacity, 1966 (thousand hundredweight, 
wheat equivalent) 
North Atlantic 
New York, N.Y. 
Buffalo, N.Y. 
Lancaster, Pa. 
South Atlantic 
Washington, D.C. 
Charlotte, N.C. 
Jacksonville, Fla. 
East North Central 
Detroit, Mich. 
Fostoria, Ohio 
Evansville, Ind. 
Chicago, 111. 
West North Central 
Minneapolis, Minn. 
Winona, Minn. 
Grand Forks, N.D. 
Davenport, Iowa 
St. Louis, Mo. 
Omaha, Neb, 
Kansas City, Kan. 
Wichita, Kan. 
East South Central 
Chattanooga, Tenn. 
West South Central 
Enid, Okla. 
Dallas, Tex. 
Mountain 
Denver, Colorado 
Ogden, Utah 
Pacific 
Spokane, Wash. 
Seattle, Wash. 
Portland, Ore. 
San Francisco, Calif. 
Los Angeles, Calif. 
United States 
41,818 
2.227 
31,930 
7,661 
17,490 
2,385 
13,191 
1,914 
51,771 
10,421 
22,119 
13,003 
6.228 
128,934 
9,673 
14,352 
4,071 
7,202 
12,801 
9,892 
30,254 
40,689 
14,229 
14,229 
24,961 
8,942 
16,019 
15,096 
5,685 
9,411 
36,471 
10,056 
5,358 
6,262 
5,463 
7,331 
328,770 
^Source: (27). 
73 
These were obtained frrai a complete enumeration of the number, size 
and location of flour mills in the United States published annually 
in The Northwestern Miller (27). 
3. Wheat exports 
The models as formulated require estimates of wheat moving into 
foreign markets. Little relation exists between transportation costs 
incurred beyond U.S. ports and the relationship between the domestic 
transportation industry and the wheat-flour economy. Consequently, 
in this analysis disappearance of U.S. wlieat into foreign markets is 
measured at the port of export in the U.S. Different producing areas 
are tributary to individual ports on each of the four coastal areas, 
which is recognized in the selection of 10 ports to represent the 
four coastal areas. Exports by port for 1966 and 1967 were taken 
from a U.S. Department of Agriculture publication (35;37). These 
data were allocated to the 10 ports and proportionately adjusted 
to satisfy a basic constraint (supply equal demand) of the formula­
tion (Table 3). 
4. Flour consumption 
Domestic flour consumption is another component of the four 
models. Per capita flour consumption is highly stable (34). 
Consequently, population is used to estimate the geographical distri­
bution of flour consumption. The 1960 Census of Population data are 
published according to various levels of geographic aggregation (e.g., 
county, state econcanic area, economic subregion, state and regional). 
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Table 3. Export requirements by port (thousand hundredweight)^ 
Atlantic 42,171 
New York, N.Y, 12,990 
Baltimore, Md. 16,741 
Norfolk, Va. 12,440 
Great Lakes 23,068 
Toledo, Olio 5,260 
Chicago, 111. 830 
Duluth, Minn. -
Superior, Wise. 16,978 
Gulf 190,312 
New Orleans, La. 58,616 
Houston, Tex. 131,696 
Pacific 104,888 
San Francisco, Calif. 1,259 
Portland, Oregon 103,629 
360,439 
^Source: (35 and 37). 
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The 501 state economic areas in the Census of Population, ranging 
in size from single counties to the state of Alaska, are aggregated 
into 57 market areas to represent the flow of flour from mills to 
bakeries (Figure 15). The flour consumption associated with each 
market area (Table 4) is based on per capita annual consumption and 
the population data in Appendix B. 
5. Transportation costs 
The cost-of-service criterion underlies the transportation 
pricing policy used to support most of the current changes in trans­
portation rates. Transportation rates based on cost of service 
pricing largely reflect the distance overcome in providing the service. 
In fact, the Southern Railway Company used an equation, linear in 
distance, as the basis for its controversial "Big John" rates (9, p. 6). 
Existing rate structures contain to some extent value of service, 
public utility concepts and various aspects of discrimination (dis­
cussed in section I), Consequently, existing rates are rejected in 
favor of a rate structure that is more directly related to the cost 
of service doctrine, that is, a structure based on distance. Thus, 
elements in the transportation cost matrix are the rail mileages 
appearing in the most recent complete rail atlas (31). 
In evaluating a solution to the dual system, a monetary value 
is applied to the distances used as transportation costs. The 
transformation used in this analysis is one mile equals one-tenth 
of a cent (i.e., ten miles equal one cent, 100 miles equal 10 cents, etc.). 
2 $  
S3 
32. 
33 
37 
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S5 ^ 4 0 
Figure 15. Roslon»! dolinooclon ot Clour morkots 
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Table 4. Regional disposition of flour, 1960^ 
Area Market 
Hundred­
weight Area Market 
Hundred­
weight 
(wheat (wheat ^ 
equiv.) equiv.) 
1 Boston 15,871 30 St. Louis 6,190 
2 New York 24,311 31 Minneapolis 7,115 
3 Syracuse 3,637 32 Des Moines 2,419 
4 Buffalo 5,258 33 Omaha 2,915 
5 Philadelphia 11,654 34 Kansas City 3,810 
6 Pittsburgh 6,740 35 Fargo 954 
7 Baltimore 7,240 36 Sioux Falls 1,028 
8 Richmond 4,517 37 Wichita 2,147 
9 Charleston 2,968 38 Little Rock 2,697 
10 Raleigh 5,998 39 New Orleans 4,919 
11 Knoxville 4,194 40 Oklahoma City 3,516 
12 Louisville 3,457 41 Dallas 7,409 
13 Nashville 2,157 42 Houston 3,371 
14 Memphis 1,636 43 San Antonio 3,688 
15 Columbia 3,599 44 Great Falls 1,019 
16 Atlanta 4,933 45 Cheyenne 499 
17 Jacksonville 2,407 46 Denver 2,649 
18 Orlando 2,773 47 Albuquerque 1,436 
19 Miami 2,731 48 Boise 1,007 
20 Birmingham 3,768 49 Salt Lake City 1,346 
21 Mobile 2,229 50 Phoenix 1,966 
22 Jackson 2,816 51 Spokane 1,228 
23 Cleveland 8,252 52 Seattle 2,697 
24 Cincinnati 7,769 53 Portland 3,055 
25 Detroit 11,351 54 San Francisco 9,902 
26 Indianapolis 4,583 55 Los Angeles 14,264 
27 Milwaukee 4,286 56 Anchorage 341 
28 Chicago 14,225 57 Honolulu 954 
29 Davenport 2,273 
^Source: Appendix B. 
Per capita flour consumption of 116 pounds. 
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Primary support for this transformation is based on the high degree 
of correlation evident between the solution obtained from these models 
and solutions obtained from identical formulations using existing 
transportation rates as the elements in the cost matrix. As indicated, 
only slight discrepancies were evident and in most cases appeared to 
be a result of institutional characteristics of the existing rate 
structure. Rates used to represent the existing structure were 
obtained from several sources. Industry personnel were a major 
source. They supplied rates for transporting wheat and flour in 
parts of the country in which their company operated 
6. Wheat prices 
A solution to the dual system acquires economic meaning when 
values of the dual variables are Interpreted as prices. Values for 
all the dual variables represent the geographical price differentials 
associated with the solution. Because there is one more equation 
(nrhi) than there are unknowns (m+n-l), one dual variable can be 
assigned an arbitrary value. Such an assignment translates the 
price differentials into a set of prices that when multiplied by 
the quantity associated with each determines the value of wheat in 
producing areas and of wheat and flour in market areas. 
The price of wheat is determined by a variety of forces. In 
recent years international markets have been a dominatit influence. 
World demand for U.S. wheat is reflected by wheat prices at U.S. 
ports. In 1966 and 1967, Houston exported more wheat than any other 
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port (Table 3). The 1966-67 average price of wheat at Gulf ports 
was $2.01 per bushel (36). Consequently, the values of wheat and 
flour in each model (Models A, B, C and D) are determined by a 
set of price differentials based on a wheat price of $2.01 per 
bushel at Houston for export. 
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VI. EMPIRICAL RESULTS AND THEIR INTERPRETATIF 
A solution to each of the four models contains information that 
can be put into two major categories — one pertaining to the various 
sectors of the wheat-flour economy (i.e., wheat producers and flour 
consumers), the other to regions (i.e., interregional shipments of 
wheat and flour and the location of the milling industry). The first 
category is found in a solution to the dual programming formulation 
and will be presented after discussion of the second category, vrfiich 
is contained in a solution to the primal problem. 
Model D holds the same relationship to Model C as Model B does 
to Model A. In Models A and C milling capacity is constrained at 
currently existing levels. In Models B and D the capacity is not 
constrained. Models A and B have the same transportation costs with 
the rates for flour between any two points being equal to those for 
wheat. 
Models C and D contain the same set of transportation costs, but 
rates for wheat are 20 percent below their Models A and B level. 
Thus, solutions for Models B and D when compared to Model A and C 
solutions, indicate the amount of industry relocation that would 
occur as new milling capacity is built to replace worn out or obsolete 
mills. Similarly, Model C and D solutions when compared to Model A 
and B solutions, indicate the amount of relocation that would occur 
as the industry adjusts to the new relationship between wheat and 
flour transportation rates. 
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A comparison of the "A" and "D" solutions shows the amount of 
relocation resulting when the existing facilities are replaced and 
the industry adjusts to new transportation rates; this comparison 
thus reflects changes in the location of individual firms in the 
industry. Accordingly, Models A and D depicting, respectively, the 
flour milling industry's situation in (a) the recent past and (b) 
after completely adjusting to current locational patterns of wheat 
production and consumption (includes flour) and to transportation 
rates for wheat that are less than those for flour, will serve as a 
base for discussing most of the results. 
A. Regional Impact Analysis 
A solution to each model determines the quantity of flour milled 
at each milling center and indicates the geographical pattern of each 
center's wheat procurement and flour disposition. The flow pattern 
of wheat moving to ports for export is also given. To achieve as 
much clarification as possible, the two closely related aspects of 
the solutions pertaining to flour milling are presented separately. 
The location of milling is discussed first. The wheat procurement 
and flour disposition of mill centers is discussed in conjunction with 
the results pertaining to the floiv of wheat into export markets. 
1. Location of milling 
In Model A existing flour milling capacity is fully utilized in 
three (North Atlantic, East North Central and Mountain) of the 
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country's eight regions (Table 5). Nearly 40 percent of the unused 
capacity is in the West North Central region, the other four regions 
sharing nearly equal portions of the remaining unused capacity. Even 
though the West North Central region has the most unu&ed capacity, 
it also mills more flour than any other two regions combined. 
Relaxing the constraint on capacity (Model B) produces a shift 
in the location of milling. The quantity milled in the North Atlantic 
region increased over a third from 41 to 57 thousand hundredweight. 
The increase was almost exactly offset by a 30 percent decrease 
in the East North Central region from 52 to 37 thousand hundredweight. 
Smaller changes were evident in other regions. Such a significant 
shift in the Northeast, however, is not a likely occurrence. The 
savings in expenditures for transportation from adopting the Model B 
orientation are negligible, decreasing just over 1 percent from $442 
to $438 million. 
Observing current capacity constraints and reducing transportation 
rates for wheat relative to those for flour (Model C compared with 
Model A) results in a much larger decrease (15 percent compared to 
1 percent) in total transportation costs ($442 down to $375 million), 
but indicates only a slight relocation of the industry. The relocation 
from the East North Central to the North Atlantic disappears as neither 
region has unused capacity in either Model A or C. Regions milling 
more flour include: South Atlantic, East South Central and Pacific, 
increasing four, nine and one thousand hundredweight, respectively. 
Table 5. Existing capacity, flour milled and excess capacity, by region, and total transportation 
costs. Models A, B, C, D 
North Atlantic 
South Atlantic 
East North Central 
West North Central 
East South Central 
West South Central 
Mountain 
Pacific 
United States 
Existing capacity, flour milled and excess capacity 
Existing Model A Model B Model C Model D 
capacity Used Excess Used Excess Used Excess Used Excess 
(000 (000 (000 (000 (000 (000 (000 (000 (000 
cwt.) cwt,) cwt,) cwt.) cwt.) cwt.) cwt,) cwt.) cwt,) 
41,818 41,818 - — 57,434 15,616* 41,818 - - 60,731 18,913' 
17,490 10,410 7,080 11,730 5,760 13,896 3,594 29,265 11,775' 
51,771 51,771 
-• 1 1» 37,079 14,692 51,771 — - 46,182 5,589 
128,934 106,535 22,39^ f 105,916 23,018 92,943 35,991 65,119 63,815 
14,229 5,224 9,005 - - 14,229 14,229 - - 9,127 5,102 
24,961 16,019 8,942 17,652 7,309 16,019 8,942 19,387 5,574 
15,096 15,096 - 20,227 5,131* 15,096 - - 9,922 5,174 
34,471 25,301 9,170 22,136 12,335 26,402 8,069 32,441 2,030 
328,770 272,174 56,596 272,174 77,343 272,174 56,^96 272,174 87,284 
Total transportation costs 
(million dollars) 
J 
/ 
442 438 375 363 
^Indicates increase over currently available capacity, rather than excess capacity. 
\ 
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Mills in the West North Central region suffer the total loss (decreas­
ing from 106 to 93 thousand hundredweight). The West North Central 
region ships more wheat (to the regions milling more flour) and less 
flour (the above mentioned decrease). It still ships, however, as 
much flour as mills in the North Atlantic and East North Central 
regions combined. 
Transportation costs decreased $6 million as a result of relaxing 
the constraints on its current location (Model B). Thus, only a 
slight incentive was provided for industry relocation. Much more 
incentive (a $67 million decrease) was provided by the decrease in 
transportation rates for wheat (Model C). In Model C relocation was 
constrained to utilization of existing capacity. In Model D the full 
effect of the decreases in rates becomes evident as constraints on 
capacity are removed. 
In Model D the quantity of flour milled in two regions, 61 
thousand hundredweight in the North Atlantic and 29 thousand hundred­
weight in the South Atlantic, exceeds currently available capacities 
by 19 and 12 thousand hundredweight, respectively. In addition, the 
East South Central (4 thousand hundredweight). West South Central 
(3.4 thousand hundredweight) and Pacific regions (7.1 thousand hundred­
weight) mill more flour than they did in the Model A solution. The 
off-setting decrease was primarily in the West North Central region. 
The quantity of flour milled in the West North Central region 
decreased from 106 to 65 thousand hundredweight, or 40 percent below 
its level in the initial situation (Model A). Excess capacity as a 
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percent of the total available in the region increased from less 
than a fifth in Model A to nearly a half in Model D. 
2. Regional patterns of wheat and flour shipments 
Wheat flows from producing areas to either flour mill centers 
for milling or to ports for export. Thus factors — capacity of mill 
centers or the relationship between transportation rates for \^eat and 
flour — that affect the spatial pattern of wheat moving to mills, 
also, affect the flow of lAeat to ports. Consequently, the three 
separate components of the complete flow pattern associated with one 
model (wheat to ports, wheat to mills and flour from mill^T are 
presented as a unit and briefly described. More detailed evaluation 
is withheld until after the flow patterns of the remaining three 
models are presented. 
a. Model A In Model A (also in the other three models), 57 
percent of the wheat supply moves to ports for export (Table 6). Gulf 
ports account for over one-half of all exports and draw wheat from 
major producing areas, the West North Central and West South Central 
regions. About a third of the wheat exports are via West Coast ports, 
which draw wheat from the nearby Pacific region and the adjacent 
Mountain region. The other two port areas, Atlantic and Great Lakes, 
draw wheat from nearby producing areas, the North and South Atlantic 
regions and the East and West North Central regions, respectively. 
In addition, the Atlantic ports draw about 45 percent of their 
requirements from the East North Central region. Flour mills also 
Table 6. Shipments of wheat for export. Model A (thousand hundredweight) 
Destination Total Percent 
Origin 
Total 
shipments Atlantic 
Great 
Lakes Gulf Pacific 
for 
export 
of total 
shipments 
North Atlantic 17,023 14,7 96 14,7 96 86.9 
South Atlantic 11,179 8,048 8,048 72.0 
East North Central 97,989 19,327 6,090 25,417 25.9 
West North Central 277,087 16,978 124,672 141,650 51.1 
East South Central 7,514 2,620 
• 
2,620 34.9 
West South Central 65,913 63,020 63,020 95.6 
Mountain 92,046 50,375 50,375 54.7 
Pacific 63,862 54,513 54,513 85.4 
United States 632,613 42,171 23,068 190,312 104,888 360,439 57.0 
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tend to draw flour from nearby producing areas (Table 7). The main 
interregional wheat shipment involves the North Atlantic mills tdiich 
obtain nearly 95 percent of their requirements from the two North 
Central regions, 30 thousand hundredweight from the East North Central 
region and an additional 9 thousand hundredweight from the West North 
Central region. Over four-fifths of the Mountain region's wheat 
moving to mills goes outside the region, primarily to the Pacific 
and West South Central regions. 
Flour shipments are predominantly intraregional (Table 8), but 
they also duplicate interregional wheat shipments. The East North 
Central ships sizable quantities of both wheat and flour to the North 
Atlantic region. Other instances of shipping both wheat and flour 
from the same originating region to the same destination include: 
the East North Central to East South Central, the West North Central 
to North Atlantic, South Atlantic, East North Central, East South 
Central and Mountain regions, the East South Central to the South 
Atlantic and the Mountain to Pacific region. Duplicate interregional 
shipments of wheat and flour are primarily a result of the relation­
ship between the transportation rates for wheat and flour in Model A. 
Between any two points the rate for shipping wheat is the same as 
the rate for shipping flour. Consequently, mills in different regions 
have the same relative advantage and/or disadvantage with respect to 
transportation costs. 
b. Model B In Model B the constraints on milling capacity 
are relaxed. Flows of wheat to ports are essentially unchanged (Table 9). 
Table 7. Shipments of wheat to mills. Model A (thousand hundredweight) 
Destination Percent 
Origin 
Total 
ship­
ments 
North 
Atlan­
tic 
South 
Atlan­
tic 
East 
North 
Cen­
tral 
West 
North 
Cen­
tral 
East 
South 
Cen­
tral 
West 
South 
Cen­
tral 
Moun­
tain 
Pacif­
ic 
Total 
to 
mills 
of 
total 
ship­
ments 
North Atlantic 17,023 2,227 2,227 13.1 
South Atlantic 11,179 3,131 3,131 28.0 
East North Central 97,989 30,249 38,850 3,473 72,572 74.1 
West North Central 277,087 9,342 2,385 12,921 100,167 1,751 8,871 135,437 49.9 
East South Central 7,514 4,894 4,894 65.1 
West South Central 65,913 2,893 2,893 4.4 
Mountain 92,046 6,368 13,126 6,225 15,952 41,671 45.3 
Pacific 63,862 9,349 9,349 14.6 
United States 632,613 41,818 10,410 51,771 106,535 5,224 16,019 15,096 25,301 272,1/4 43.0 
\ 
Table 8. Shipments of flour from mills, Model A (thousand hundredweight) 
Destination 
Origin 
Total 
shipments 
North 
Atlantlc 
South 
Atlantic 
East 
North 
Central 
West East 
North South 
Central Central 
West 
South 
Central Mountain Pacific 
North Atlantic 41,818 41,818 
South Atlantic 10,410 10,410 
East North Central 51,771 24,766 3,195 14,002 9,808 
West North Central 106,535 887 18,337 36,464 28,851 10,449 9,581 1,966 
East South Central 5,224 5,224 
West South Central 16,019 16,019 
Mountain 15,096 6,937 8,159 
Pacific 25,301 1,019 24,282 
United States 272,174 67,471 37,166 50,466 28,851 20,257 25,600 9,922 32,441 
0 \ 
Table 9. Shipments of wheat for export. Model B (thousand hundredweight) 
Destination Percent 
Origin 
Total 
shipments Atlantic 
Great 
Lakes Gulf Pacific 
Total for 
export 
of total 
shipments 
North Atlantic 17,023 12,990 12,990 76.3 
South Atlantic 11,179 8,048 8,048 72.0 
East North Central 97 ,989  21,133 6,090 27,223 27.8 
West North Central 277,087 16,978 124,672 141,650 51.1 
East South Central 7,514 2,620 2,620 34.9 
West South Central 65,913 63,020 63,020 95.6 
Mountain 92,046 50,375 50,375 54.7 
Pacific 63,862 54,513 54,513 85.4 
United States 632,613 42,171 23,068 190,312 104,888 360,439 57.0 
The North Atlantic region ships slightly less wheat to Atlantic ports 
and the East North Central region slightly more. Similarly, the pattern 
of wheat shipments to mills (Table 10) and flour shipments from mills 
(Table 11) is nearly the same as in Model A. There is some difference, 
however, in the quantity of wheat or flour moving between some regions. 
The most significant shift involves the East North Central and North 
Atlantic regions. In Model A the East North Central shipped 30 
thousand hundredweight of wheat and IZ thousand hundredweight of 
flour to the North Atlantic region. Relaxing the constraint on 
milling capacity (Model B) increased the wheat shipment 50 percent 
to 45 thousand hundredweight and decreased the flour shipment an 
offsetting 15 thousand hundredweight from 25 thousand hundredweight 
down to 10 thousand hundredweight. 
c. Model C Model C, like Model A, has milling capacity 
constrained at current levels. In Model C, rates for transporting 
;^eat, but not flour, are reduced 20 percent from their levels in 
Model A. The lower rates for transporting wheat have no effect on 
the flow of wheat to ports (Table 12). The pattern of wheat shipments 
to mills (Table 13) was also quite similar to the Model A solution. 
As a result of the lower rates for shipping wheat, the major surplus 
area, the West North Central region, ships wheat to mills in every 
region. The flow of lAeat from mills (Table 14) is also not changed, 
by lowering the rates for transporting wheat. 
d. Model D The two situations tested separately in Models B 
and C (constraints on capacity and lower rates for wheat) are combined 
Table 10. Shipments of wheat to mills. Model B (thousand hundredweight) 
Destination 
Origin 
East West East West 
Total North South North North South South 
ship- At Ian- At Ian- Cen- Cen- Cen- Cen- Moun- Paclf-
ments tic tic tral tral tral tral tain ic 
Percent 
of 
Total total 
to ship-
mills ments 
North Atlantic 
South Atlantic 
East North Central 
West North Central 
East South Central 
West South Central 
Mountain 
Pacific 
United States 
17,023 4,033 
11,179 3,131 
97,989 45,180 25,586 
277,087 8,221 3,705 11,493 99,548 
7,514 4,894 
65,913 
92,046 6,368 
63,862 
632,613 57,434 11,730 37,079 105,916 
12,470 
2,893 
4,033 23.7 
3,131 28.0 
70,766 72.2 
135,437 49.9 
4,894 65.1 
2,893 4.4 
14,759 7,757 12,303 41,187 45.3 
9,833 9,833 14.6 
17,652 20,227 22,136 272,174 43.0 
Table 11. Shipments of flour from mills, Model B (thousand hundredweight) 
Destination 
Origin 
Total 
ship­
ments 
North 
Atlantic 
South 
Atlantic 
East 
North 
Central 
West 
North 
Central 
East 
South 
Central 
West 
South Moun-
Central tain Pacific 
North Atlantic 57,434 57,434 
South Atlantic 11,730 11,730 
East North Central 38,385 10,037 8,656 14,078 5,614 
West North Central 104,610 16,780 36,388 28,851 14,643 7,948 
East South Central - -
West South Central 17,652 17,652 
Mountain 20,227 9,922 10,305 
Pacific 22,136 22,136 
United States 272,174 67,471 37,166 50,466 28,851 20,257 25,600 9,922 32,441 
Table 12. Shipments of wheat for export. Model C (thousand hundredweight) 
Total Destination Percent 
Origin 
ship­
ments Atlantic 
Great 
Lakes Gulf Pacific 
Total for 
export 
of total 
shipments 
North Atlantic 17,023 14,796 14,796 86.9 
South Atlantic 11,179 8,048 8,048 72.0 
East North Central 97,989 19,327 6,090 25,417 25.9 
West North Central 277,087 16,978 121,779 138,757 50.1 
East South Central 7,514 2,620 2,620 34.9 
West South Central 65,913 65,913 65,913 100.0 
Mountain 92,046 50,375 50,375 54.7 
Pacific 63,862 54,513 54,513 85.4 
United States 632,613 42,171 23,068 190,312 104,888 360,439 57.0 
Table 13, Shipments of wheat to mills, Model C (thousand hundredweight) 
PeBtlnatlon 
Origin 
East West East West 
Total North South North North South South 
ship- At Ian- At Ian- Cen- Cen- Cen- Cen- Moun- Pacif-
ments tic tic tral tral tral tral tain ic 
Percent 
of 
Total total 
to ship-
mills ment 8 
North Atlantic 17,023 2,227 
South Atlantic 11,179 3,131 
East North Central 97,989 29,405 1,482 38,850 2,835 
West North Central 277,087 10,186 4,389 12,921 91,458 11,394 1,260 6,703 
East South Central 7,514 4,894 
West South Central 65,913 
Mountain 92,046 1,485 14,759 8,393 17,034 41,671 45.3 
Pacific 63,862 9,349 9,349 14.6 
United States 632,613 41,818 13,896 51,771 92,943 14,229 16,019 15,096 26,402 272,174 43.0 
2,227 13.1 
3,131 28.0 
72,572 74.1 
19 138,330 49.9 
4,894 65.1 
Table 14. Shipments of flour from mills. Model C (thousand hundredweight) 
Destination 
Origin 
Total 
ship­
ments 
North 
Atlantic 
South 
Atlantic 
East 
North 
Central 
West 
North 
Central 
East 
South 
Central 
West 
South 
Central 
Moun­
tain Pacific 
North Atlantic 41,818 41,818 
South Atlantic 13,896 13,896 
East North Central 51,771 22,119 7,160 16,878 5,614 
West North Central 92,943 3,534 6,075 33,588 28,851 10,449 9,581 865 
East South Central 14,229 10,035 4,194 
West South Central 16,019 16,019 
Mountain 15,096 8,038 7,058 
Pacific 26,402 1,019 25,383 
United States 272,174 67,471 37,166 50,466 28,851 20,257 25,600 9,922 32,441 
\ 
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in Model D. The flow of wheat to ports, unchanged from the Model A 
solution in both the Model B and C solutions, is still unchanged in 
Model D (Table 15). The capacity and rate considerations taken 
together, however, do have a significant effect on the patterns of 
wheat shipments to and flour shipments from mills (Tables 16 and 17), 
The North Atlantic region mills 19 thousand hundredweight more 
flour in Model D than it did in Model A. Most of the extra wheat 
comes from the East and West North Central region (6 and 11 thousand 
hundredweight, respectively). The South Atlantic region also mills 
19 thousand hundredweight more in Model D than in Model A. Addi­
tional wheat requirements are fulfilled by the East and West North 
Central regions (13 and 6 thousand hundredweight, respectively). 
Mills in the East North Central region in Model A milled 39 thousand 
hundredweight of local wheat and received an additional 13 thousand 
hundredweight from the West North Central region. 
In Model D the increased shipment to the North Atlantic region 
was not available for milling in the East North Central region. 
Consequently, mills in the East North Central region milled 17 thousand 
hundredweight less of locally produced wheat in Model D (22 thousand 
hundredweight) than in Model A (39 thousand hundredweight). Wheat 
receipts frcxn the West North Central region increased, however, from 
13 thousand hundredweight to 24 thousand hundredweight. The West North 
Central region also shipped more wheat to the West South Central and 
Pacific regions (5 and 6 thousand hundredweight, respectively). 
Table 15, Shipments of wheat for export, Model D (thousand hundredweight) 
Origin 
Total 
shipments Atlantic 
Destination 
Great 
Lakes Gulf Pacific 
Total 
for 
export 
Percent 
of total 
shipments 
North Atlantic 17,023 12,990 12,990 76.3 
South Atlantic 11,179 8,048 8,048 72.0 
East North Central 97,989 21,133 5,260 26,393 26.9 
West North Central 277,087 17,808 121,779 139,587 50.4 
East South Central 7,514 2,620 2,620 34.9 
West South Central 65,913 65,913 65,913 100.0 
Mountain 92,046 51,634 51,634 56.1 
Pacific 63,862 53,254 53,254 83.4 
United States 632,613 42,171 23,068 190,312 104,888 360,439 57.0 
Table 16. Shipments of wheat to mills, Model D (thousand hundredweight) 
Destination Percent 
Origin 
Total 
ship­
ments 
North 
Atlan­
tic 
South 
Atlan-
tic 
East 
North 
Cen­
tral 
West 
North 
Cen­
tral 
East 
South 
Cen­
tral 
West 
South 
Cen­
tral 
Moun­
tain 
Pacif­
ic 
Total 
to 
mills 
of 
total 
ship­
ments 
North Atlantic 17,023 4,033 4,033 23.7 
South Atlantic 11,179 3,131 3,131 28.0 
East North Central 97,989 36,420 13,173 22,003 71,596 73.1 
West North Central 277,087 20,278 8,067 24,179 65,119 9,127 4,810 5,920 137,500 49.6 
East South Central 7,514 4,894 4,894 65.1 
West South Central 65,913 - - — 
Mountain 92,046 14,577 9,922 15,913 40,412 43.9 
Pacific 63,862 10,608 10,608 17.6 
United States 632,613 60,731 29,265 46,182 65,119 9,127 19,387 9,922 32,441 272,174 43.0 
Table 17. Shipments of flour from mills, Model D (thousand hundredweight) 
Destination 
Origin 
Total 
ship­
ments 
North 
Atlantic 
South 
Atlantic 
East 
North 
Central 
West 
North 
Central 
East 
South 
Central 
West 
South 
Central Mountain Pacific 
North Atlantic 60,731 60,731 
South Atlantic 29,265 29,265 
East North Central 46,182 6,740 33,828 5,614 
West North Central 65,119 2,968 16,638 28,851 10,449 6,2-^ 
East South Central 9,127 4,933 4,194 
West South Central 19,387 19,387 
Mountain 9,922 9,922 
Pacific 32,441 32,441 
United States 272,174 67,471 37,166 50,466 28,851 20,257 25,600 9,922 32,441 
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These increases were only partly offset by a 9 thousand hundred­
weight decrease in the shipments to the Mountain region. 
B. Sectoral Impact Analysis 
Two sectors of the wheat-flour economy are identified for 
analysis in this study, namely, the producing (wheat supply) and 
consuming (export wheat and domestic flour) sectors. Impacts on the 
processing sector (flour milling) can be analyzed in the comprehensive 
framework described in section II. Expenditures for transportation 
required to move wheat from producing areas to ports and mills and 
to move flour from mills to markets depend on the two factors 
examined in this analysis, the level of transportation rates and the 
location of milling as determined by the relationship between trans­
portation rates for wheat and flour. Consequently, discussion of the 
expenditures for transportation (total transportation costs) in each 
model precedes the discussion of the impact total transportation costs 
have on the producing and consuming sectors of the wheat-flour economy. 
1. Total transportation costs 
The Model A formulation resulted in a total transportation cost 
of $442 million (Table 18). The comparable totals for Models B, C 
and D are $438, $375 and $363 million, respectively. The high trans­
portation cost associated with the Model A formulation results from 
the influence of the two factors being analyzed. Milling capacity is 
constrained at current levels; consequently, some markets draw flour 
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from distant sources (e.g., North and South Atlantic regions from 
mills in the East and West North Central regions, respectively. 
Table 8). In addition, transportation rates for wheat are at the 
higher of the two levels considered in the four models (i.e., the 
Table 18. Transportation costs. Models A, B, C, D (thousand dollars) 
Model A Model B 
Total 
Wheat to ports 
Wheat to mills 
Flour from mills 
$442,169 
224,784 
114,701 
102,684 
$438,179 
226,716 
122,977 
88,486 
Model C Model D 
Total 
Wheat to ports 
Wheat to mills 
Flour from mills 
$374,872 
183,356 
100,597 
90,919 
$362,450 
187,221 
134,533 
40,696 
rate for moving wheat between two points is the same as for moving 
flour between the same points). Nearly half (49.2 percent) of the 
transportation costs are incurred in moving wheat to and flour from 
mills ($114.7 and 102.7 million, respectively). Only 43 percent of 
the wheat supply moves to mills, 57 percent moving to ports. Thus, 
milling capacity constrained at current levels requires that relatively 
high cost or inefficient transportation be used to satisfy flour 
requirements. 
In Model B milling capacity is not constrained. The optimum 
location-of milling is determined in the process of minimizing trans­
portation costs. Two main results are evident. 
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The first result is a $6 million decrease (about 3 percent) in 
the transportation costs for moving wheat to and flour from mills. 
Locations that mill more flour in Model B than they did in Model A 
attract nearby wheat that was exported in Model A. As a result, the 
^eat is not available for export in Model B and requirements at ports 
are met with more distant wheat. Consequently, a $227 million expendi­
ture for transportation is required to fulfill export requirements. 
The comparable total in Model A was $225 million. The $2 million 
increase offsets a third of the $6 million decrease in transportation 
costs for moving wheat to and flour from mills. 
Relaxing the constraint on milling location also results in a 
substantial shift from flour transportation to wheat transportation. 
The regional pattern of this shift was discussed in an earlier part 
of this section. Here the shift is viewed in terms of expenditures 
for transportation. In Model A, $114.7 million was spent to move 
wheat to mills and $102.7 million to move flour from mills. Some 
flour markets were forced to draw flour from distant mills because 
nearby milling capacity was not sufficient to meet their needs. 
Relaxing the constraint on capacity (Model B) enabled favorably 
located (nearby) mills to completely fill their flour requirement. 
As a result, transportation costs incurred in moving flour decreased 
$14.2 million (from $102.7 to 88.5 million). To achieve the $6 million 
decrease in transporting wheat to and flour from mills, the $14.2 
million decrease was partially offset by an $8.2 million increase (from 
$114.7 to 122.9) in the cost of transporting wheat to mills. 
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In Model C transportation costs total $375 million, 15 percent 
below the Model A total of $442 million. Since milling capacity is 
constrained in both models, the entire decrease is a result of the 
20 percent reduction in transportation rates for wheat. Expenditures 
for transporting wheat to ports decreased almost in proportion to the 
reduction in rates. Rates were reduced 20 percent and costs of 
transporting export wheat decreased 19 percent from $225 to 183 
million. A corresponding 20 percent decrease was not achieved because 
of slightly different shipping patterns (described in earlier section) 
that resulted from the new relationship between rates for moving 
wheat and flour. The lower rates for wheat relative to those for 
flour favor milling locations in major population centers (large 
flour markets). A major shift (from the Model A solution) was 
prohibited, however, because milling capacity was constrained at 
current levels. Consequently, expenditures for transporting wheat 
to mills decreased 13 percent (from $114.7 to 100.6 million) as did 
those for moving flour from mills to markets (from $102.7 to 90.9 
million). 
Model D jointly considers the two factors examined separately 
in Models B and C. Total transportation costs are $362.5 million, 
$80 million (18 percent) below the Model A total of $442 million. 
Independently, relaxing the constraint on milling capacity reduced 
transportation costs $6 million (Model B). Leaving capacity 
constrained and lowering transportation costs for wheat reduced 
transportation costs $67 million. Thus, the two factors considered 
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jointly (Model D) produced a decrease ($80 million) that exceeded the 
sum of each considered separately ($73 million = $6 plus $67 million). 
The lower transportation rates for wheat provided an incentive 
for a substantial shift from the Model A solution and relaxing the 
constraint on milling capacity allowed it to be executed. No incentive 
was present in Model B and its execution was prohibited in Model C. 
Transportation costs for moving wheat to ports were $187.2 
million in Model D, $37.6 million (17 percent) below the $224.8 
million of Model A but $4 million above the Model C total of $183.3 
million. The increase over the Model C level results from the 
relationship that existed between Models B and A, i.e., as favorable 
milling locations (in Models B and D) attract wheat that was exported 
(in Models A and C), ports are forced to draw wheat from more distant 
producing areas. 
The lower rates for transporting wheat favor market oriented 
mills that require less high cost flour transportation. Expenditures 
for transporting flour from mills in Model D are $40.7 million, $62 
million (60 percent) below the Model A level of $102.7 million. The 
substantial reduction in relatively high cost activity (flour trans­
portation) is associated with an increase in the relatively low cost 
activity. As a result, expenditures for transporting wheat to mills 
are $135 million, 20 million (17 percent) above the $115 million 
level of Model A. 
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2. Value in producing areas 
The value of wheat in producing areas is determined by a) the 
quantity an area supplies and b) the price that quantity will fetch 
in the market place. In this study the quantity supplied by each 
producing area is given (Table 19). 
Table 19. Value of vAieat in producing areas, Models A, B, C, D 
(thousand dollars) 
Model A Model B 
Total 
For milling 
For export 
$1,720,372 
716,711 
1,003,661 
$1,720,824 
719,430 
1,001,394 
Model C Model D 
Total 
For milling 
For export 
$1,786,010 
749,357 
1,036,653 
$1,783,600 
751,401 
1,032,199 
Price differentials between regions (both producing and consuming) 
are specified by a solution to the dual problem of each model. The 
differentials satisfy the following constraint : the price differential 
between regions that ship to or receive from one another is equal to 
the transportation cost between the two regions. As a result, high 
transportation costs are associated with low prices and hence lower 
values in producing areas. Decreases in transportation costs tend to 
raise prices and consequently values in producing areas. Solutions 
to the four models quantify the relationship between transportation 
costs and producing area values. 
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The value of wheat in producing areas in Model A is $1.72 billion 
(Table 19). Relaxing the constraint on location of milling (Model B) 
results in an insignificant increase in the total value of wheat in 
producing areas. The small change in total value, however, conceals 
a result involving the relationship between transportation costs and 
the location of milling. Relaxing the constraint on capacity enabled 
favorably located mills to completely fulfill the requirements of some 
flour markets. In terms of producing area values, prices and values 
a) increase in areas that ship wheat to the favorably located mills 
and b) decrease in areas that initially shipped wheat to the mills 
that fulfilled requirements of distant flour markets. In Model B, a 
$2.7 million increase in the producing area value of wheat for milling 
was offset by a similar decrease in the producing area value of wheat 
moving to ports. 
The value of wheat in producing areas in Model C is $1,786 million, 
a 4 percent increase over the Model A level of $1,720 million. Thus, 
a 20 percent reduction in transportation rates for wheat resulted in 
a 4 percent increase in the value of wheat in producing areas. Lower 
transportation costs let prices and values rise in producing areas. 
Model D has the same relation to Model C as Model B does to 
Model A. The slight difference between the total producing area value 
in Models A and B is maintained in Models C and D, the difference 
being less than one-tenth of 1 percent, $1,786 and $1,784 million 
in Models C and D, respectively. 
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The same relationship that existed between the producing area 
value of wheat destined for milling and export in Models A and B 
is also evident in Models C and D. Relaxing the constraint on milling 
capacity increases the producing area value of wheat moving to mills. 
The increase amounted to $2 million ($751 and 749 million in Models C 
and D, respectively), but was more than offset by a $5 million decrease 
in the producing area value of export wheat ($1,037 to 1,032 million). 
The lower transportation rates for lAeat coupled with no constraints 
on milling capacity lowered prices in areas that shipped wheat to 
both mills and ports in Model C but only to ports in Model D. 
3. Value in market areas 
The value of wheat and flour in market areas is determined by 
the quantity demanded in a market and the price required to bring 
forth that quantity. In this study, quantities required in market 
areas are specified (Table 4) and the prices in each region are 
determined by the set of price differentials contained in a solution 
to the dual problem of each model. As in producing areas, the price 
differential between regions that ship to or receive from one another 
equals the cost of transportation between the two regions. Consequently, 
high transportation costs are associated with high prices and thus a 
high level of expenditures by consumers in market areas. Consumers 
tend to benefit from lower prices that result from decreases in 
transportation costs. The relationship between transportation costs 
and values in market areas exists for both kinds of market areas 
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considered in this analysis, i.e., export markets at ports and flour 
markets at population centers. The relationship is quantified by a 
solution to each model. 
The value in market areas in Model A is $2,194 million (Table 
20), Relaxing the constraint on milling location (Model B) produced 
Table 20. Value of wheat and flour in market areas. Models A, B, 
C, D (thousand dollars) 
Model A Model B 
Total $2,194,623 $2,159,003 
Flour 966,178 930,893 
Wheat 1,228,445 1,228,110 
Model C Model D 
Total $2,200,921 $2,146,050 
Flour 980,912 926,630 
Wheat 1,220,009 1,219,420 
a $35 million decrease (less than 2 percent) in the market area value. 
The entire decrease was accounted for by a reduction in the value of 
flour in market areas (from $966 million in Model A to $931 million 
in Model B). The use of least cost (in terms of transportation) 
milling locations (Model B), however, had an insignificant effect on 
the value of wheat at ports, changing less than one-tenth of 1 percent 
(decreasing from $1,228.4 to $1,228.1 million). 
Decreased transportation rates for wheat (Model C) resulted in 
a slight (two-tenths of 1 percent, to $2,201 from 2,195 million) 
increase in the value of wheat and flour in market areas. The value 
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of wheat at ports decreased, as expected, however, from $1,228 million 
in Model A to $1,220 million in Model C. 
The lower rates for wheat were not only ineffective in reducing 
the market value of flour but produced a $15 million increase (from 
$966 to 981 million). Two interrelated reasons cause the increase. 
Constraints on milling capacity forced some markets to draw from 
distant mills (in or near producing areas). The value of flour at 
producing area mills is higher because it is milled from higher 
priced wheat drawn from surplus producing areas that ship to both 
mills and ports. The higher price in producing areas is a result 
of the lower transportation cost of moving wheat to ports. 
In Model D the value of wheat and flour in market areas is 
$2,146 million, 2 percent below the Model A total of $2,195 million. 
Both the export and flour markets contributed to the $49 million 
decrease. The value of flour in market areas decreased 39 million 
(5 percent, from $966 to 927 million), while the value of wheat at 
ports decreased $10 million (less than 1 percent, from $1,229 to 
1,219 million). 
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VII. CCWCLUSIONS AND LIMITATIONS OF ANALYSIS 
Two main conclusions are briefly summarized before they are dis­
cussed in a broader context that examines their range of applicability 
as limited by characteristics of the basic model used in the analysis. 
A. Conclusions of Analysis and Their Implications 
The results of the preceding analysis provide a quantification 
of the transportation cost savings associated with modifications in 
transportation rates; these results relate to two main conclusions 
pertaining to regional economic development, namely: 
1) That the structure of transportation rates (relationship 
between the transportation rates for wheat and flour) 
influences the regional location (orientation) of the 
flour milling industry, and consequently the geographical 
pattern of wheat and flour shipments, and 
2) that the general level of transportation rates influences 
the value of wheat in producing areas and ports and that 
the general level of transportation rates in conjunction 
with the location of milling influences the value of flour 
in market areas. 
The two conclusions are interrelated; separate summarization 
enables additional clarification. 
1. Structure of rates 
The pattern of wheat and flour shipments and the regional location 
of milling were roughly the same in Model A and B solutions. In Model B 
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milling location could shift, but no incentive existed because of the 
structure of transportation rates. The rate for transporting wheat 
between two points was equal to the rate for transporting flour between 
the same points. The structure of rates was changed in Model C (rates 
for transporting \riieat between two points were 20 percent below those 
for transporting flour between the same points), but little change in 
the location of milling and the associated patterns of wheat procure­
ment and flour disposition was evident because milling capacity was 
constrained at currently existing levels (as in Model A). The rate 
structure of Model C was maintained in Model D and the constraint on 
capacity removed. The location of milling could change in response 
to the new rate structure and it did. Costly flour transportation 
was eliminated wherever possible. Total expenditures for transporting 
flour decreased from $103 million in Model A to $41 million in Model 
B (Table 18). 
In contrast, more wheat transportation was required and even 
though it is now cheaper, expenditures for moving wheat to mills 
increased $20 million (from $115 million in Model A to $135 million 
in Model D). 
2. Level of rates 
The value of wheat in producing areas and at ports is $1.72 and 
1.23 billion, respectively, in Models A and B. The producing area 
value of wheat increases to $1.78 billion, while the value of wheat 
at ports decreases to $1.22 billion in Models C and D. Thus, the 
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value of wheat in producing areas and at ports is influenced by the 
level of rates but is unaffected by the location of milling. 
The value of flour in market areas is influenced both by the 
level of rates and the location of milling. Constraints on milling 
capacity (Models A and C) force some markets to draw high-valued 
flour from distant mills (in terms of vAieat price and transportation 
costs). As a result, the value of flour in market areas is higher 
in Models A and C than in Models B and D. The value of flour in 
market areas was reduced an additional $4 million, however, \^en 
the effect of lower transportation rates for wheat were considered 
($931 and 927 million in Models B and D, respectively). 
3. Implications of the conclusions 
Results of the four models solved in this study contain much 
information that can be used in the regulation and administration 
of transportation prices. Alternate transportation pricing policies 
are evaluated in terms of the impact they have on industry location 
and subsequently on regional economic development. 
Two principal relationships are quantified. The first involves 
the location of processing activities as determined by the structure 
of transportation rates, i.e., the relationship between rates for 
transporting a raw material (wheat) and its product (flour). The 
second involves the incomes of producers and expenditures of consumers 
as determined by the level of transportation rates. 
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Quantification of the two relationships provides useful informa­
tion for a'ssessing the probable consequences of alternate transporta­
tion pricing policies for different regions and sectors of the economy. 
As the results of this study indicate, the impact on different regions 
and sectors is not uniform; some gain, others lose. Consequently, 
public officials charged with the responsibility of regulating and 
administering transportation prices need information that identifies 
the gainers and losers and measures their gains or losses. Recogni­
tion of the limitations associated with the data and model used, 
which are discussed in the next part of this section, serve to 
restrict the applicability of the results obtained and the conclusions 
they support. 
B. Limitations of the Analysis 
The limitations of the basic model used in this analysis serve 
as a basis for evaluating the results obtained and their implications 
for regional economic development. 
1. Problems not considered by model 
This analysis does not deal with two related questions that pertain 
to regional economic development. The first question is whether the 
industry will relocate according to the orientation indicated in a 
solution to Model D. The second question is, if the industry does 
reorient, how fast will it take place. 
The Model D solution compared to the Model A solution indicates 
the amount transportation costs would be reduced if the industry did 
orient itself to the lower rates for transporting wheat ($80 million). 
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The main obstacle to an immediate and complete reorientation is 
the existing milling capacity that would become excess in the process 
of relocation. If the capacity in question is obsolete or nearly 
worn out, it may only slightly impede the reorientation. In contrast, 
the savings provided by the lower transportation rates must be 
substantially greater if the capacity destined for retirement is 
technologically efficient and in good repair. 
Existing methodology could be adopted to evaluate both problems. 
The collection of relevant data would be difficult and its manipula­
tion costly, 
2. Limitations of the model 
The basic model used in this study abstracts from two character­
istics of the wheat-flour economy. The two abstractions appear to 
account for much of the discrepancy between the results obtained and 
the real world situation. 
a) Wheat is treated as a homogeneous commodity in this study. 
In reality there are several different kinds of wheat that when milled 
produce different kinds of flour. In the production of some flours 
different kinds of wheat can substitute, within limits, for each other. 
The basic model used in this analysis is capable of incorporating 
the different kinds of wheat as completely independent commodities or 
as perfect substitutes, but it is not capable of dealing with limited 
substitutability. 
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The most apparent discrepancy between results obtained and 
actually observed events involves East North Central wheat fulfill­
ing North Atlantic flour requirements (occurred in each model). Most 
of the wheat produced in the East North Central region is Soft Red 
Winter. Flour milled from Soft Red Winter wheat will not meet high 
quality standards imposed by U.S. consumers. In reality, therefore, 
flour milled from West North Central wheat would replace some milled 
from East North Central wheat in North Atlantic markets. The dis­
placed East North Central wheat would go to ports for export. 
b) Milling wheat produces joint products, flour and millfeed. 
The model used in this study cannot consider joint products. Flour 
is the only product recognized in this study. Traditionally, flour 
has represented 90 percent of the value of the two products even 
though in terms of volume it represents only 74 percent. Millfeed 
is a bulky, relatively low valued product used as an ingredient by 
the mixed feed industry. The geographical location of the mixed feed 
industry is not the same as that of the nation's population. Major 
concentrations of population exist on both the East and West Coasts. 
Livestock production and the mixed feed industry are further inland. 
Consequently, locating flour mills in population centers (as indicated 
by Model D) requires additional transportation to move millfeed back 
to feed mixing plants in livestock producing areas. The extent to 
which the additional transportation costs for millfeed would impede the 
reorientation of the flour milling industry cannot be determined by 
the model used in this study. 
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The general linear programming model could be adapted to analyze 
both the limited substitutability and millfeed problems. The size of 
a program required to examine either or both problems would greatly 
exceed the size of the basic model used in this analysis. In addi­
tion, data pertaining to the limits within which one wheat can 
substitute for another would be costly to obtain. Consequently, the 
costs of obtaining results concerning the broader problem would be 
substantially increased. 
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VIII. SUMMARY 
Three main contributions of this analysis — a) problem identifica­
tion and objectives, b) analytical framework used and c) empirical 
results, and their implications are summarized before the general 
approach of the analysis is discussed in a broader context, namely, 
its applicability for analyzing the current problem as well as a 
broader range of spatial economic problems. 
A. Problem Identification and Objectives 
The first primary contribution of this study is the conceptualiza­
tion of a comprehensive model that could be used to sort out the 
effects of changes in the transportation industry on a) different 
regions of the economy and b) other sectors of the economy, as well 
as c) itself. Three components of the comprehensive model, a trans­
portation analysis, an input-output analysis and a shift-share analysis, 
could be linked together in a recursive manner to project the ultimate 
impact of changes in the transportation industry. 
The transportation analysis identifies a location pattern for 
the processing industry that is associated with minimum expenditures 
for transporting raw materials to and products from processing centers. 
The results obtained from the transportation analysis, namely, the 
efficient location of the industry and total transportation costs, 
would serve as data to be used in the input-output analysis (to 
determine economic interrelationships between flour mills and the 
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communities of which they are a part) and the shift-share analysis 
(to develop the recursive aspect by projecting updated estimates of 
data for use in the transportation and input-output analyses) that 
are part of the comprehensive model. 
The comprehensive model provides a broad perspective from which 
to view the various aspects of the problem to be analyzed in this 
study. The current problem involves interrelationships between 
transportation and the flour milling industries. Traditionally, the 
flour milling industry has exhibited an intermediate orientation 
being located at transhipment points between wheat producing regions 
and flour markets. The transhipment orientation was supported by a 
structure of transportation rates based on value of service criterion. 
The rate for shipping wheat from supply areas to markets equaled the 
rate for moving flour between the same points. Thus, alternate 
milling centers would experience the same total transportation 
costs ; however, loading and unloading costs could be eliminated if 
milling took place at points of transhipment. 
In the late 1950's and early I960's developments in transporta­
tion directly affected the locational orientation of the flour milling 
industry. Cost reducing technology was introduced for the rail 
transport of wheat. Increased intermodal competition caused the 
technology to be immediately adopted. Rail rates for transporting 
wheat were decreased in line with the lower costs in order for the 
railroads to meet the competition from trucks and barges. 
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The new structure of transportation rates supported a reorienta­
tion of the milling industry. Mills located in market areas (popula­
tion centers) could take advantage of the lower wheat rates. As a 
result the market oriented mills incur lower total transportation 
costs in the accumulation of wheat and distribution of flour to 
fulfill given requirements than do mills located in producing areas 
or at intermediate points. Consequently, the objectives of this 
study were : 
1) to determine the change in the orientation of the flour 
milling industry resulting from the adoption of new 
technology in the transportation industry, and 
2) to determine the effect on producing and consuming sectors 
of the wheat-flour economy that result from the projected 
reorientation of the flour milling industry. 
B. Analytical Framework Used 
The second primary contribution of this study is the development 
of an analytical framework that will let the objectives be met 
successfully. The model used in this analysis is a modification of 
the basic transportation problem developed by Koopmans shortly after 
World War II. 
The theoretical foundation of the Koopmans problem can be com­
pared to the general theory of location developed by Lefeber. The 
Lefeber formulation encompasses both Walrasian general equilibrium 
theory and location theory. As such, some limitations of the partial 
i 
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aspects associated with each forerunner are avoided. À solution to 
the Lefeber model satisfies five conditions that represent extension 
of the marginal conditions to include the spatial dimension. Three 
assumptions — given resource endowments, technology and location 
of the population -- underlie the Lefeber formulation. 
The assumptions supporting the basic transportation problem are 
that a) each region (origin) has available for shipment a given 
quantity of the commodity in question, b) each market (destination) 
requires a given quantity of the commodity and c) transportation 
costs between origins and destinations are given. With respect to 
the Lefeber formulation, the three assumptions imply that a) the 
quantity of wheat available for shipment from each origin represents 
an equilibrium in terms of the cost of producing i^eat in each region 
and that it is sold for an equivalent amount, b) the quantity required 
in each market (region) represents an equilibrium in terms of expendi­
tures by consumers in the region and that an equivalent amount is 
spent for its purchase and c) the transportation rates represent an 
efficient allocation of resources for the provision of transportation 
services and that they are priced according to the cost of their 
provision. 
A solution to the basic transportation problem (Koopmans) 
indicates a shipping pattern that minimizes the cost of transporting 
the commodity from where it is available to where it is required. 
The conditions associated with a solution to the basic transporta­
tion problem are: that the amount shipped from a point of supply 
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(origin) not exceed that available, that shipments from all origins 
to a destination be at least equal to the amount required and that 
the total amount shipped frmn origins (supply) equal the total 
amount arriving at destinations (demand). 
In terms of the sectors of the wheat-flour economy included in 
this analysis (extension of basic transportation problem to encompass 
processing), a solution based on the Koopmans formulation indicates 
the shipping pattern that minimizes the cost of transporting wheat 
fran producing regions to ports (for export) and milling centers 
(for milling) and for transporting flour from milling centers to 
markets (population centers). Associated with this least-cost 
shipping pattern is the optimum location of milling. A solution 
to the problem encompassing the processing sector also meets the 
condition that the quantity of wheat milled at one center does not 
exceed the milling capacity available. 
Prototypes of four models were formulated and solved. Large-
scale replicas of the four prototypes were used to project the 
reorientation of the milling industry that might be expected as a 
result of adopting new technology in the transportation industry and 
the effect the reorientation would have on the producing and consuming 
sectors of the wheat-flour economy. 
The first prototype (Model A) reflected an initial situation, 
that is, the capacity of each milling center was constrained at 
current levels and the transportation rate for shipping wheat between 
two points equaled the rate for moving flour between the same points. 
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In the second prototype (Model B) the constraint on milling 
capacity was relaxed. If the milling industry was optimally located 
in Model k, there would be no discrepancy between a solution to that 
problem and the one obtained in Model B. 
Rates for transporting wheat were decreased 20 percent in the 
third prototype (Model C) and constraints on the capacity of milling 
centers were reimposed at Model A (currently existing) levels. The 
lower wheat rates provide an incentive for reorientation but its 
occurrence is prohibited by the constraints on milling capacity. 
In the fourth prototype (Model D) the two concepts examined 
separately in Models B and C were allowed to interact in order to 
indicate the location of the milling industry after it has become 
oriented to the new structure of transportation rates. 
C. Empirical Results and Their Implications 
The third primary contribution of this study is the presentation 
of results obtained from implementing and solving four large-scale 
models of the wheat-flour economy. The four models correspond to the 
four prototypes developed to determine the impact of alternate 
transportation pricing policies on industry location and regional 
economic development. 
The flour milling industry was quite well oriented to the 
historical structure of transportation rates for wheat and flour. 
Relaxing the constraint on milling capacity indicated some reorienta-
Acn for the milling industry. The reorientation would not likely 
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occur, however, because total transportation costs were reduced less 
than 1 percent, decreasing from $442 to 438 million. Most likely, 
the $4 million reduction in expenditures for transportation would not 
offset losses incurred by closing currently operating mills. How­
ever, this question is beyond the capabilities of the analytical 
technique used in this study. 
Decreases in rates for transporting wheat provide a substantial 
incentive for reorientation of the milling industry. Reducing wheat 
rates 20 percent produced a 15 percent decrease in total transporta­
tion costs ($442 and 375 million in Models A and C, respectively). 
Only minor changes in shipping patterns and associated locations of 
milling were evident, however, because capacity was constrained at 
existing levels. 
Combining the incentive to reorient (lower wheat rates) with 
the possibility of doing so (relaxing the capacity constraint) 
produced a substantial reorientation of the milling industry and a 
reduction in transportation costs that exceeded the sum of the reduc­
tion when each factor was considered separately (i.e., the total 
transportation costs in Model D were $362 million or $80 million 
below the Model A level of $442 million). Relaxing the constraint 
on capacity reduced total transportation $4 million and the decreased 
rates for transporting wheat produced a $67 million reduction. 
Incomes of producers and expenditures of consumers are influenced 
more by the level of, rates than they are by the location of the milling 
industry. In Model D the industry was located quite differently than 
125 
it was in Model C; however, negligible changes occurred in producing 
and market area values of wheat. In contrast, the 20 percent reduc­
tion in wheat transportation rates in Models C and D increased the 
value of wheat in producing areas 4 percent ($66 million) and decreased 
the value of wheat and flour in market areas 3 percent ($48 million). 
The value of flour in market areas was also influenced by the 
location of the milling industry, decreasing 5 percent (from $980 to 
927 million) as a result of the industry orienting to the new struc­
ture of transportation rates. 
The technique used in this analysis is not sufficient for esti­
mating the impact of different wheat or flour prices on an area's 
economy. A higher price and consequently value of wheat in a produc­
ing area could be expected to increase the wheat production of the 
area. Lower prices and values in market areas are likely to stimulate 
consumption. Questions of this kind can be examined by use of the 
comprehensive model described in section II that incorporates both 
the input-output and shift-share analysts. Similarly, the complementary 
analyses would be useful in analyzing the impact on a community caused 
by a change in the level of industrial activity (quantity of flour 
milled) in the community. 
D, Recapitulation 
The preceding analysis develops a comprehensive framework that 
can be used to study recent controversy in the pricing of transporta­
tion services (transportation rates). Rates for hauling a raw material 
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(wheat) decreased relative to those for hauling its product (flour). 
The comprehensive framework allows complex interrelationships between 
the transportation industry and the location of economic activity to 
be sorted out for independent analysis. The transportation pricing 
issue is selected for detailed examination. The industry orientation 
(optimum location of milling) associated with alternate levels and 
structures of transportation rates is identified. 
Results obtained from the transportation analysis serve two main 
purposes. The information can be used as data in the comprehensive 
framework to estimate the economic impact on a milling center caused 
by changes in the quantity of flour milled as determined by the 
structure of rates for transportation services. In addition, the 
results of the transportation analysis have merit in their own right. 
Considering the limitations of the data and model used to produce 
the results, quantification of the relationship between the structure 
of transportation rates and the orientation of economic activity is 
useful to individuals and agencies that determine and administer 
governmental regulations pertaining to transportation. The relation­
ship quantified in this analysis indicates a substantial relocation 
of the flour milling industry. Adopting a structure of rates based 
on cost-of-service criteria would cause the industry to exhibit more 
of a market orientation than it has in the past — a finding that 
supports the contention of the Twelve State Governors Conference on 
Transportation. 
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Whether the suggested reorientation should be facilitated or 
impeded via the regulation of transportation rates is not dealt with 
in this study. Rather, information is provided for use in evaluating 
trade-offs between those benefitting from the reorientation and 
those disadvantaged by it. 
128 
IX. BIBLIOGRAPHY 
1. Becknann, M. A continuous model of transportation. Econometrica 
20: 643-660. 1952. 
2. Brokken, Ray F. Interregional competition in livestock and crop 
production in the United States : an application of spatial 
linear programming. Unpublished Ph.D. thesis. Ames, Iowa, 
Library, Iowa State University of Science and Technology. 1965. 
3. Dantzig, G. B. Application of the simplex method to a transporta­
tion problem. In Koopmans, T. C., ed. Activity analysis of 
production and allocation. Pp. 359-373. New York, New York, 
John Wiley and Sons, Inc. 1951. 
4. Dantzig, G. B. Linear programming and extensions. Princeton, 
New Jersey, Princeton University Press. 1963. 
5. Fox, Karl A. A spatial equilibrium model of the livestock-feed 
economy in the United States. Econometrica 21: 547-566. 1953. 
6. Fromm, Gary, ed. Transport investment and economic development. 
Washington, D.C., The Brookings Institution. 1965. 
7. Hoover, Edgar M. The location of economic activity. New York, 
New York, McGraw-Hill Book Co., Inc. 1948. 
8. Hurt, V. G. and Tramel, T. E. Alternative formulations of the 
transhipment problem. Journal of Farm Economics 47: 763-773. 
1965. 
9. Interstate Commerce Commission. Grain in multiple car shipments -
river crossings to the South. Investigation and Suspension 
Docket 7656. 1963. 
10. Isard, Walter. Location and space-economy. Cambridge, Massa­
chusetts, The Massachusetts Institute of Technology Press, 1956. 
11. Isard, Walter. Methods of regional analysis : an introduction 
to regional science, Cambridge, Massachusetts, The Massachusetts 
Institute of Technology Press. 1960. 
12. Judge, G. C,, Havlicek, J. and Rizek, R. L. An interregional 
model: its formulation and application to the livestock industry. 
Agricultural Economics Research 17: 1-9. 1965. 
13 
14 
15 
16 
17 
18, 
19 
20 
21 
22 
23 
24 
25 
129 
Judge, G. C. and Hieronymus, T. A. Interregional analysis of 
the corn sector. Illinois Agricultural Experiment Station 
[Publication! AERR-55. 1962. 
King; G. A. and Logan, S. H. Optimum location, number and size 
of processing plants with raw product and final product ship­
ments. Journal of Farm Economics 46: 94-108. 1964. 
Koopmans, T. C. Optimum utilization of the transportation 
system. Econometrica 17, Supplement: 136-146. 1949. 
Koopmans, T. C. Three essays on the state of economic science. 
New York, New York, McGraw-Hill Book Co., Inc. 1957. 
Koopmans, T. C. and Beckmann, M. Assignment problems and the 
location of economic activities. Econometrica 25: 53-76. 1957. 
Leath, M. N. and Martin, J. E. The transhipment problem with 
inequality constraints. Journal of Farm Economics 48: 894-908. 
1966. 
Lefeber, Louis. Allocation in space. Amsterdam, Holland, 
North-Holland Publishing Co. 1958. 
Lukerman, Fred. The changing pattern of flour mill location. 
[1.1 Northwestern Miller January 1959: 9-13. 1959. 
Lukerman, Fred. The changing pattern of flour mill location. 
[2.] Northwestern Miller February 1959: 12-14. 1959. 
Lukerman, Fred. The changing pattern of flour mill location. 
[3.1 Northwestern Miller March 1959: 12-16. 1959. 
Lukerman, Fred. The changing pattern of flour mill location. 
[4.1 Northwestern Miller April 1959: 15-18. 1959. 
Maki, Wilbur R. Transportation and interregional research 
problems of data and methodology. In Davidson, J. R. and 
Ottoson, H. W., eds. Transportation problems and policies in 
the trans-Missouri West. Pp. 169-191. Lincoln, Nebraska, 
University of Nebraska Press. 1967. 
Munby, D. L. The roads as economic assets. Oxford University 
Institute of Economics and Statistics Bulletin 22: 273-297. 
1960. 
130 
26. Nelson, Robert A. Coming challenges in integrating theory and 
research in transportation. In Davidson, J. R. and Ottoson, 
H, W,, eds. Transportation problems and policies in the trans-
Missouri West. Pp. 23-33. Lincoln, Nebraska, University of 
Nebraska Press. 1967. 
27. Statistical summary. The Northwestern Miller 274, No. 9: 9-71. 
1967. 
28. Orden, A. The transhipment problem. Management Science 2; 
276-285. 1956. 
29. Pegrum, Dudley F. Transportation: economics and public policy. 
Homewood, Illinois, Richard 0. Irwin, Inc. 1963. 
30. Perloff, Harvey S., Dunn, Edgar S., Jr., Lampard, Eric E. and 
Muth, Richard F. Regions, resources and economic growth. 
Baltimore, Maryland, The Johns Hopkins Press. 1960. 
31. Rand McNally handy railroad atlas of the United States. Chicago, 
Illinois, Rand McNally and Co. 1965. 
32. Rostow, W. W. The stages of economic gro\fth. London, England, 
Cambridge University Press. 1960. 
33. Samuelson, P. A. Spatial price equilibrium and linear programming. 
American Economic Review 42: 283-303. 1952. 
34. U.S. Department of Agriculture. Economic Research Service. U.S. 
food consumption. U.S. Department of Agriculture Statistical 
Bulletin 364. 1965. 
35. U.S. Department of Agriculture. Consumer and Marketing Service. 
Grain Division. Grain Market News, Weekly Summary. Volume 15, 
No. 2. 1967. 
36o U.S. Department of Agriculture. Consumer and Marketing Service. 
Grain Division. Grain Market News, Weekly Summary. Volume 15, 
No. 27. 1967. 
37. U.S. Department of Agriculture. Consumer and Marketing Service. 
Grain Division. Grain Market News, Weekly Summary. Volume 16, 
No. 3. 1968. 
38. Vajda, S. Mathematical programming. Reading, Massachusetts, 
Addison-Wesley Publishing Co., Inc. 1961. 
131 
39. von Thunen, -Tohann Heinrich. Der isolierte staat in beziehung 
auf landwirtschaft and nationalokonomie. Dritte auflage. Jena, 
Germany, Gustav Fisher. 1930. 
40. Weber, Alfred. Uber den standort der industrien. Tubingen, 
1909. English translation, Alfred Weber's Theory of the Loca­
tion of Industries, with introduction and notes by Carl J. 
Friedrich. Chicago, Illinois, University of Chicago Press. 
1929. 
41. Whittlesey, Norman K. and Heady, Earl 0. Aggregate economic 
effects of alternative land retirement programs: a linear pro-
granming analysis. U.S. Department of Agriculture Technical 
Bulletin 1351. 1966. 
132 
X. ACKNOWIEDGEMENIS 
I am indebted and grateful to my major professor, Professor 
Wilbur R. Maki, for his stimulation and guidance throughout my 
graduate program. 
Thanks are also due to Professors Karl A. Fox, Ross B. Talbot, 
George W. Ladd and James R. Prescott for serving on the graduate 
committee and for guidance given during the preparation of this 
dissertation. 
Finally, my wife's encouragement, understanding and patience 
are acknowledged. Whatever success has been achieved in the graduate 
program is shared with Audrey. 
133 
XI. APPENDIX A. REGIONAL SUPPLY (F WHEAT (1951-60 AVERAGE)* 
Region 
1 Rochester, New York 
2 Lancaster, Pennsylvania 
3 Rocky Mount, North Carolina 
4 Augusta, Georgia 
5 Greenville, Mississippi 
6 darks ville, Tennessee 
7 Find lay, (Xiio 
8 Jasper, Indiana 
9 Logansport, Indiana 
10 Battle Creek, Michigan 
11 Watertown, Wisconsin 
12 Corning, Iowa 
13 Granite Falls, Minnesota 
14 Decatur, Illinois 
15 Centralia, Illinois 
16 Cape Girardeau, Missouri 
17 Lamar, Missouri 
18 Macon, Missouri 
Production 
Area included (000 bu. ) 
1 7,190 
2-3-4 21,182 
5-6-7-8-9-13 13,414 
10-11-12-14-15 5,218 
16-17-18-19-20 
122-123-124 
21-24-25-125-126 4,367 
127-128-129-130 
131-144 
22-23-27-28-29-35 8,157 
30-31-32-33 46,907 
34-37 7,716 
38-39 28,393 
40-41 33,180 
42-43-44-59 1,721 
46-54-55-57 2,344 
56-58-60-61 6,576 
45-47 13,935 
36-48-49-53 31,462 
25-50 8,006 
51 8,767 
52 13,688 
^Source: (41), 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
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Production 
Region Area included (000 bu.) 
Crookston, Minnesota 62-63 12,869 
Grand Forks, North Dakota 64 18,784 
Minot, North Dakota 65-A* 9,909 
Devils Lake, North Dakota 65-B* 14,069 
Jamestown, North Dakota 65-C® 12,188 
Tioga, North Dakota 66 17,583 
Dickinson, North Dakota 67-A^ 18,588 
Bismarck, North Dakota 67-B^ 7,536 
Wyndmere, North Dakota 68 8,233 
Lemmon, South Dakota 69 8,829 
Redfield, South Dakota 70 16,020 
Milbank, South Dakota 71 4,219 
Mitchell, South Dakota 72-73 5,928 
Sidney, Nebraska 75-76 23,234 
Lincoln, Nebraska 74-80 28,361 
^Area 65 divided into 3 regions as follows : 
A. Bottineau, McHenry, Renville, Ward 
B. Benson, Cavalier, Nelson, Pierce, Ramson, Rolette, 
Towner 
C. Barnes, Eddy, Foster, Griggs, La Moure, Steele, 
Stutsman, Wells, 
^Area 67 divided into 2 regions as follows : 
A. Adams, Billings, Bowman, Dunn, Golden Valley, Grant, 
Hettinger, McKenzie, Mercer, Morton, Oliver, Sioux, 
Slope, Stark 
B. Burleigh, Emmons, Kidder, Logan, Mcintosh, Sheridan. 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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Production 
Region Area included (000 bu.) 
McCook, Nebraska 78-79 29,905 
Atchinson, Kansas 81 8,795 
Garnett, Kansas 82 10,779 
Parsons, Kansas 83 13,285 
Emporia, Kansas 84 24,082 
Mankato, Kansas 85 24,629 
Salina, Kansas 86 14,618 
Hutchinson, Kansas 87 40,153 
Colby, Kansas 88-A^ 20,656 
Lamed, Kansas 88-B^ 32,101 
Downs, Kansas 88-C^ 17,028 
Leoti, Kansas 89-A^ 7,704 
Meade, Kansas 89-B^ 17,474 
Guthrie, Oklahoma 90-93-134-135 12,517 
Enid, Oklahoma 91 27,245 
^Area 88 divided into 3 regions as follows : 
A. Cheyenne, Decatur, Gove, Graham, Rawlins, Sheridan, 
Sherman, Thomas, Trego 
B. Barton, Edwards, Finney, Hodgeman, Kiowa, Lane, Ness, 
Pawnee, Pratt, Rush, Stafford 
C. Ellis, Ellsworth, Lincoln, Mitchell, Osborne, Rooks, 
Russell. 
^Area 89 divided into 2 areas as follows: 
A. Greeley, Hamilton, Keamy, Logan, Scott, Wallace, Wichita 
B, Barber, Clark, Comanche, Ford, Grant, Gray, Haskell, 
Meade, Morton, Seward, Stanton, Stevens. 
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Region Area included 
Production 
(000 bu.) 
49 Hooker, Oklahoma 
50 Altus; Oklahoma 
51 Amarillo, Texas 
52 Sweetwater, Texas 
53 Corsicana, Texas 
54 Havre, Montana 
55 Wolf Point, Montana 
56 Great Falls, Montana 
57 Billings, Montana 
58 Torrington, Wyoming 
59 Sterling, Colorado 
60 Limon, Colorado 
61 La Junta, Colorado 
62 Tucumcari, New Mexico 
63 Pocatello, Idaho 
64 Plummer, Idaho 
65 Ogden, Utah 
92 
94 
95 
96-97 
98-99-100-101 
102-103-132 
133-136-137 
138-139-140 
104-A® 
104-
105 
106-107 
108 
77 
109 
110-111 
112-141 
113 
115 
114 
20,159 
12,962 
20,958 
9,277 
6,738 
20,879 
37,119 
11,315 
10,622 
5,510 
10,613 
23,620 
5,791 
978 
15,805 
9,452 
4,611 
^Area 104 divided into 2 areas as follows : 
A. Blaine, Hill, Liberty, Phillips, Toole 
B. Daniels, Dawson, Fallon, McCone, Prairie, Richland, 
Roosevelt, Sheridan, Valley, Wibaux. 
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Production 
Region Area included (000 bu.) 
66 Pendleton, Oregon 116 37,048 
67 Colfax, Washington 117 23,325 
68 Lind, Washington 118 28,384 
69 Prosser, Washington 119 6,398 
70 Stockton, California 120-121-143 11,281 
71 Picacho, Arizona 142 806 
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XII. APPENDIX B. POPULATION, BY MARKET, 1960* 
Market Area included 
Population 
(000) 
1 Boston 
2 New York 
3 Syracuse 
4 Buffalo 
5 Philadelphia 
6 Pittsburgh 
7 Baltimore 
8 Ri chmond 
9 Charleston 
10 Raleigh 
11 Rnoxville 
12 Louisville 
Maine, Vermont, New Hampshire, 10,509 
Massachusetts, Connecticut, 
Rhode Island 
New York (9,G), New Jersey 16,098 
(1,B,C,G,H) 
New York (4,5,6,7,8,C,D,F) 2,408 
New York (A,B,E,1,2,3), 3,482 
Pennsylvania (A,2) 
Pennsylvania (B,C,G,H,J,K,L,M,6,7) 7,717 
New Jersey (A,D,E,F,2) 
Pennsylvania (1,3,4,5,D,E,F) 4,463 
Maryland (2,3,4,A,B,C), Delaware 4,794 
Virginia (B,9), District of 
Columbia (A) 
Virginia (A,C,D,E,F,3,4,5,6,7,8,10) 2,991 
West Virginia, Maryland (1) 1,965 
North Carolina (B,C,D,E,F,3,4,5, 3,972 
6,7,8,9,10,11) 
North Carolina (A,1,2), Virginia (1,2) 2,777 
Kentucky (9), Tennessee (7,8,C,D) 
Kentucky (1,2,3,6,7,8,A,B,C,D,E) 2,289 
g 
Source: U.S. Bureau of the Census. Current Population Reports, 
Series P-23, No. 7, Components of Population Change, 1950 to 1960, 
for Counties, Standard Metropolitan Statistical Areas, State Economic 
Areas, and Economic Subregions. November 1962. 
^Reference is to state if state economic area is not specified. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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Market Area included 
Population 
(000) 
Nashville 
Memphis 
Columbia 
Atlanta 
Jacksonville 
Orlando 
Miami 
Birmingham 
Mobile 
Jackson 
Cleveland 
Cincinnati 
Detroit 
Indianapolis 
Milwaukee 
Chicago 
Davenport 
St. Louis 
Minneapolis 
Kentucky (4,5), Tennessee (3,4,5,6,B) 1,428 
Tennessee (A,1,2) 1,083 
South Carolina 2,383 
Georgia (A,B,C,D,F,G,1,2,3,4,5,6,7) 3,266 
Georgia (8,9,E), Florida (2,3,A) 1,594 
Florida (4,5,B,E) 1,836 
Florida (6,C,F,G) 1,808 
Alabama (A,B,C,E,F,1,2,3,4,5,6) 2,495 
Alabama (7,8,9,D), Florida (D,l), 1,476 
Mississippi (7,8) 
Mississippi (1,2,3,4,5,6,A) 1,865 
Ohio (A,E,F,G,H,M,0,1,2,4,5) 5,464 
Ohio (B,C,D,J,K,L,3,6,7,8) 4,242 
Michigan (A,B,C,D,E,F,G,H,J,3,4,5, 7,516 
6,7,8,9) 
Indiana (D,E,F,G,H,4,5,6,7,8,9) 3,035 
Wisconsin (6,7,8,B,C,D,E,F) 2,838 
Illinois (B,C,D,G,2,5,6), 9,419 
Indiana (1,2,3,A,B,C) 
Illinois (A,1,3), Wisconsin (3), 1,505 
Iowa (6,D,F) 
Illinois (4,7,8,9,10,11,E,F), 4,099 
Missouri (2,6,8,9,B) 
Minnesota, Wisconsin (A,1,2,4,5), 4,711 
Michigan (1,2) 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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Market Area included' 
Population 
(000) 
Des Moines 
Omaha 
Kansas City 
Fargo 
Sioux Falls 
Wichita 
Little Rock 
New Orleans 
Oklahoma City 
Dallas 
Houston 
San Antonio 
Great Falls 
Cheyenne 
Denver 
Albuquerque 
Boise 
Salt Lake City 
Phoenix 
Spokane 
Seattle 
Iowa (2,3,4,5,C,E) 1,602 
Iowa (1,A,B), Nebraska 1,930 
Missouri (1,3,4,5,7,A,C), 2,523 
Kansas S6,7,B,C) 
North Dakota 632 
South Dakota 681 
Kansas (1,2,3,4,5,8,A) 1,422 
Arkansas 1,786 
Louisiana 3,257 
Oklahoma 2,328 
Texas (4,5,6,8,9,B,C,D,E,J,K,L,0,P) 4,906 
Texas (13,14,G,H,M) 2,232 
Texas (A,F,N,1,2,3,10,11,15,16) 2,442 
Montana 675 
Wyoming 330 
Colorado 1,754 
New Mexico 951 
Idaho 667 
Utah 891 
Arizona 1,302 
Washington (5,6,7,8,D)' 813 
Washington (1,2,3,A,B,E) 1,786 
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Market Area included 
Population 
(000) 
53 Portland 
54 San Francisco 
55 Los Angeles 
56 Anchorage 
57 Honolulu 
Oregon, Washington (4,C) 
California (1,2,3,4,5,6,9,A,B,C, 
D,E), Nevada (1) 
California (7,8,F,G,H,J,K), 
Nevada (A) 
Alaska 
Hawaii 
2,023 
6;557 
9,445 
226 
632 
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XIII. APPENDIX C. ALGORITHM FOR SOLVING 
TRANSPORTATim PROBLEM 
C 
C 
C TRANSPORTATION PROBLEM - STEPPING STONE METRO) 
C MAXIMUM SIZE ROWS + COLUMNS = 1000 
C NOTE- TOTAL OF SUPPLY UNITS MUST EQUAL TOTAL OF DEMAND UNITS 
C 
C DATA CARDS 
C 
C JOB IDENTIFICATION CARD 
C COLUMNS 1-10 NUMBER OF ROWS (SUPPLY POINTS) 
C 11-20 NUMBER OF COLUMNS (DEMAND POINTS) 
C 21-80 JOB NAME 
C 
C COST CARDS 
C COLUMNS 1 NUMBER OF COSTS PER CARD - MAXIMUM OF 4 
C IF BLANK, 1 IS ASSUMED 
C  2 - 5  I D E N T I F I C A T I O N  N U M B E R  O F  S U P P L Y  P O I N T  
C 6-10 IDENTIFICATIOî NUMBER OF DEMAND POINT 
C 11-20 COST BETWEEN SUPPLY POINT AND DEMAND POINT 
C 21-80 REPEATED FORMAT (F 5 COLUMNS SUPPLY POTNT 
C IDENTIFICATION, 5 COLUMNS DEMAND POINT 
C IDENIIFICATICW, 10 COLUMNS COST 
C 
C IF A COST IS NOT GIVEN BETWEEN A SUPPLY POINT AND A DEMAND 
C POINT, n IS ASSUMED TO BE INFINITE COST AND NOT A FEASIBLE 
C ROUTE 
C 
C COSTS MUST BE IN THE FOLLOWING ORDER -
C SUPPLY POINT 1 TO DEMAND POINTS 1 TO N 
C SUPPLY POINT 2 TO DEMAND POINTS 1 TO N 
C ETC 
C 
C SUPPLY AND DEMAND CARDS - USE SAME FORMAT 
C COLUMNS 1 NUMBER OF SUPPLY (DEMAND) POINTS PER CARD 
C MAXIMUM Œ 7 - IF BLANK, 1 IS ASSUMED 
C  2 - 5  I D E N T I F I C A T I O N  N U M B E R  O F  F I R S T  S U P P L Y  
C (DEMAND) POINT ON CARD 
C 11-80 NUMBER OF UNITS SUPPLIED (DEMANDED) IN 
C REPEATED FORMAT OE 10 COLUMN FIELDS 
C 
C ONLY THE FIRST SUPPLY (DEMAND) POINT IDENTIFICATION 
C NUMBER IS GIVEN FOR EACH CARD - THE REST ARE ASSIGNED 
C IN 1 2 3 4 ORDER 
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C NOTE - ALL DATA IS RIGHT JUSTIFIED 
C THAT IS; PUT DATA AS FAR TO THE RIGHT AS POSSIBLE IN EACH FIELD 
C 
C DATA DECK SETUP 
C JOB CARD 
C COST CARDS 
C BLANK CARD 
C SUPPLY CARDS 
C DEMAND CARDS 
C 
C MULIIDECK RUNS - REPEAT THE ABOVE FŒMAT F(® EACH DATA DECK 
C DO NOT PUT A BLANK CARD BETWEEN THE DEMAND CARDS OF fflîE JOB 
C AND THE JOB CARD CF THE NEXT JOB 
C 
-C END OF DECK MUST HAVE AT LEAST ONE BLANK CARD 
C 
C IF NUMBER OF ROWS + COLUMNS IS GREATER THAN 150, THE TABLE WRITE 
C SECIim MUST BE REMOVED 
C 
DIMENSION IC06T(8000), IDUMl(lOOO) 
CALL DAMEl (ICOST,IDUMl) 
STOP 
END ^ 
SUBROUTINE DAMEl (ICOST,IDUMl) 
DIMENSION ICOST(l), IDUMl(l), IDUM2(8000), IDUM3(1000) 
CALL DAME2 (ICOST, IDUMl, IDUM2, IDUM3) 
RETURN 
END 
SUBROUTINE DAME2 (ICOST, IDUMl, IDUM2, IDUM3) 
DIMENSION ICOGT(l), IDUMl(l), IDUM2(1), IDUM3(1), IDUM4(5400), 
1IDUM5(1000) 
CALL DAME3 (ICOST,IDUMl,IDUM2 ,IDUM3 ,IDUM4 ,IDUM5) 
RETURN 
END 
SUBROUTINE DAME3 (ICOST, IDUMl, IDUM2, IDUM3, IDUM4, IDUM5) 
DIMENSION ICOST(l), IDUMl (1), IDUM2(1), IDUM3(1), IDUM4(1), IDUM5(1), 
1IDUM6 (4000),MMEZZZ(600) 
CALL DAME4 (ICOST, IDUMl, IDUM2, IDUM3, IDUM4, IDUM5, IDUM6,MMEZZZ) 
RETURN 
END 
SUBROUTINE DAME4 (ICOST,IDUMl,IDUM2,IDUM3,IDUM4,IDUM5,IDUM6,ME) 
DIMENSION ICOST(l), IDUMl(1),IDUM2(1),IDUM3(1),IDUM4(1),IDUM5(1), 
1IDUM6(1),ME(1), 
2 MI(600),MJ(600),MK(600),MX(600),ISD(600), 
3MUV (600), KFK(I200), KA (1200) 
CALL DAMES (ICOST,IDUMl,IDUM2,IDUM3,IDUMi,IDUM5,IDUM6,ME, 
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1MI,MJ,MK,MX, ISD,MUV, KFK, KA) 
RETURN 
END 
SUBROUTINE DAME5 (ICOST, IDUMl, IDUM2, IDUM3, IDUM4, IDUM5,IDUM6,ME, 
IMI, ItJ , MK, MX, ISD , MUV, KF K, KA) 
DIMENSION ICOST(1) ,IDUMl(l) , IDUM2(1), IDUM3(1), IDUM4(I) , IDUM5(1), 
1IDUM6 (1) ,ME (1) ,MI(1) ,KJ (1) ,MK(1) , MX(1), ISD (1) , MUV (1) , KFK(l) , 
2KA(1),LG(600),LB(600),MXBET(600),ML(600),IC(24),I1(5),J1(5), 
SFMTSD(12),FMT (12),IDN(15),ICOT(150),JCOT(150),IQT(150),INT(150) 
CWMON ISUMMAÙ000) ,NAME1 (100) , INDEX,NAME2 (100) 
C 
9080 CONTINUE 
WRITE (3,65433) 
65433 FŒIMAT ('IHAVE ENTERED DAME5') 
C 
CALL SIFT (ICOST, IDUMl, IDUM2, IDUM3, IDUM4, IDUM5,IDUM6,ME, 
IMI,MJ,MK, MX, ISD, MUV, KFK, KA, LG, LB, MXBET, ML, IC, II, J1,FMTSD,FMT, IDN, 
2ICOT, JCOT, IQT, INT, ICIMN, IM, IN, JA, JZ, INFI) 
C BEGIN PART II F(&M BASIC FEASIBLE SOLUTION 
1 N2=0 
INFIN=0 
DO 808 J=1,JA 
808 INFIN=MAX0(ISD(J),INFIN) 
INFIN^INFINfl 
DO 3 J=1,IN 
3 ME(J)=0 
NP=IN 
NV=IN-1 
NW= JA-1 
NUO=0 
NEP=1 
MUV(1)=0 
JSWA = 1 
26 N=(NEP-l)*INfl 
M)f=l 
GO TO 700 
705 NT=1 
NC0=INFI 
9 IF (IC0ST(N1)-NC0)6,5,5 
5 IF (NT-IN)7,8,7 
7 N=N+1 
MM=2 
GO TO 700 
706 NT=NT+1 
GO TO 9 
6 IF (ME(NT))5,10,5 
10 ND=NT 
NCO= ICOST (Nl) 
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GO TO 5 
8 Nr=ND 
ME(NT)=1 
K=IMfND 
MUV(K)=NCC-NUC 
NVO=NCO=NUO 
GO TO (4,11),JSWA 
4 JSWA = 2 
NR=ND 
NS=ND 
NTT=0 
NG=ND 
27 IF (NV) 12,13,12 
12 K=IMt«D 
IF (ISD(K) - ISD(NEP)) 14,590,590 
590 IF (NEP - IM) 13,14,14 
13 NG=NQ 
MK9NG)=NR 
NQ=ND 
NG=ND 
23 MI(NG)=NEP 
MJ(NG)=ND 
MK(NG)=NS 
ML(NG)=NTT 
MX(NG)=ISD(NEP) 
K=DH-ND 
ISD (K)=ISD (K)-ISD (NEP) 
NW=NW-1 
IF (NW) 15,16,15 
15 NEP=NEPfl 
N=((NEP-1)*IN)+ND 
MM=3 
GO TO 700 
707 NOO=ICOSI(N1) 
MUV(NEP)=NCO-NVO 
NUO=MUV(NEP) 
NP=NIM-1 
IF (NR-IN)17,17,18 
17 NTT=0 
GO TO 19 
18 NTT=NR-IN 
19 NR=NP 
IF (NEP-IM)20,31,20 
20 K=IMfND 
IF (ISD(NEP)=ISD(K))22,22,21 
22 NS=NR 
NG=NP 
GO TO 23 
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21 NG=NQ 
ML9NG)=NP-IN 
NG=NP 
NG=NP 
24 MI(NG)=NEP 
MJ(NG)=ND 
MK(NG)=NS 
ML(NG)=NTT 
K=IMi-ND 
MX(NG)=ISD(K) 
ISD(NEP)=ISD(NEP)=ISD( K) 
NW=NW-1 
IF (NW)25,16,25 
25 NV=NV-1 
GO TO 26 
14 NG=ND 
GO TO 24 
11 NS=NR 
NTT=0 
NR=ND 
GO TO 27 
31 NS=NR 
GO TO 21 
16 N=1 
MM=4 
GO TO 700 
708 12=0 
C 
C SEARCH FOR NEXT ELEMENT TO ENTER BASIS 
ITCT=1 
100 JSWB = 1 
rrcT=ncT+i 
NDELC=0 
NR=0 
109 12=12+1 
IF (12-IM)102,102,103 
103 N=1 
Mlf=5 
GO TO 700 
709 12=1 
102 NEP=I2 
ND=1 
107 K=IMfND 
IF (MIJV(NEP)+MU^7(K)=ICOST(N1)-NDELC)104,104, 105 
105 JSWB = 2 
NDELC=MUV (NEP) +M[JV (Q-ICOST(Nl) 
J2=ND 
104 N=N+1 
MM=6 
GO TO 700 
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710 ND=mfl 
IF(ND-IN)107,107,108 
108 GO TO (101,106),JSWB 
101 NR=NR+1 
IF (NR-IM)109,110,110 
110 JA=JA-1 
CALL SOOT (IC0ST,IDUM1,IDUM2,IDUM3,IDUM4,IDUM5,IDUM6,ME, 
1MI,MJ,MK,MX,ISD,MUV,KFK, KA,LG,LB,MXBET,ML,IC, II, Jl,FMrSD,FMr, IDN, 
2icar,JCOT,IQT,INT,ICIMN,IM, IN,JA,JZ,INFI) 
END OF TABLE OUTPUT - GO TO NEXT JOB 
GO TO 9080 
FIND BASIC LOOP INCLUDING NEW ELEMENT 
106 KALF=1 
KBET=1 
KG=J2 
KH=J2 
KDELX=INFIN 
JSWC = 1 
211 IF (ML(KG))202,203,202 
202 IF (KG-MK(KG))204,205,204 
204 MXBET(KBET)=MIN0(MX(KG),KDELX) 
LB(KBET)=1 
LG(KBET)=KG 
KBET=KBET+1 
KA(KALF)=1 
KFK(KALF)=KG 
KALF=KALF+1 
205 IF (ML(KG))207,206,207 
207 LL = ML(KG) + IN 
KG = LL 
GO TO 208 
206 LL = MJ(KG) 
KG = LL 
208 IF (MI(KG)=I2)209,210,209 
209 IF (KF-IN)211,211,212 
212 IF (ML(KG)-KF+IN)202,203,202 
203 IF (KG-MK(KG))213,214,213 
, 210 JSWC = 2 
213 KDELX=MIN0(MX(KG),KDELX) 
KA(KALF)=0 
KFK(KALF)=KG 
KALF=KALF+1 
GO TO (201,215),JSWC 
214 KBET=KBET-1 
KG=LG(KBET) 
KDELX=MXBET (KBET) 
KA(KALF)=2 
KFK(KALF)=KG 
KALF=KALF+1 
IF (LB(KBET)=1)216,201,216 
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216 KG=KG 
GO TO 205 
201 KH=KG 
223 LL = MK(KG) 
KG = LL 
IF (KH-MK(KG)>217,218,217 
218 IF (KG-IN)219,219,220 
219 IF (ML(KG)>220,214,220 
220 KA(KALF>=0 
KFK(KALF>=KG 
ICALF=KALF+1 
GO TO 216 
217 IF (KG-IN)221,221,222 
221 IF (ML(KG>>222,223,222 
222 MXBET (KBET)=KDELX 
LB(KBET>=0 
LG(KBET)=KG 
KBET=KBET+1 
KA(KALF)=1 
KFK(KALF>=KG 
KâIi"=KALF+l 
GO TO 223 
0 
C CHANGE VALUES CF LOOP ELEMENTS 
215 JSWD = 1 
JSWE = 1 
256 KALF=KALF-1 
IF (KALF>252,253,252 
252 KG=KFK(KALF) 
IF (KA(KALF))254,255,254 
254 IF (KA(KALF>-2)256,257,256 
257 KALF=KALF-1 
n (KA(KALF)-1>257,258,257 
258 IF (KFK(KALF)-KG)257,255,257 
255 GO TO (250,259),JSWD 
250 JSWD = 2 
MX(KG)=MX(KG)=KDELX 
GO TO (251,256),JSWE 
251 IF (MX(KG))256,260,256 
260 II=MI(KG) 
JJ=MJ(KG) 
mi=KG 
JSWE = 2 
GO TO 256 
259 JSWD = 1 
MX(KG)=MX(KG)+KDELX 
GO TO 256 
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C 
C MCDIFY BASIS TABLE 
253 KH2=KH1 
KG=m 
KSIG=KH1 
IF (JJ-J2)301,302,301 
301 IF (KH1-IN)303,303,304 
302 JSWF = 1 
GO TO 306 
303 JSWF = 2 
306 KPI=KH1 
310 IF (MK(KPI)-KH1)308,309,308 
308 LL = MK(KPI) 
KPI = LL 
GC TO 310 
309 MK(KPI)=MK(KG) 
GO TO (305,307),JSWF 
305 KPI=1 
313 IF (MI(KPI)=I2)311,312,311 
311 KPI=KPI+1 
GO TO 313 
304 KPI=KH1 
316 IF (ML(KPI))314,315,314 
315 KPI=JJ 
GO TO 316 
314 IF (ML(KPI)+IN-KH1)330,317,330 
330 LL = ML(KPI) + IN 
KPI = LL 
GO TO 316 
317 ML(KPI)=ML(KG) 
JSWG = 1 
328 KPI=J2 
ML(KSIG)=ML(KPI) 
MJ(KSIG)=J2 
ML(KPI)=KSIG-IN 
GO TO (318,319),JSWG 
319 IF (MI(KSIG)-I2)320,321,320 
321 KPI=KHl 
GO TO 312 
320 IF (11-12)305,322,305 
322 IF (NP-KG)323,324,323 
324 KPI=KH2 
GO TO 312 
323 KPI=NP 
GO TO 312 
307 KSIG=ML(KG)+IN 
KH2=KSIG 
KPI=KH2 
327 IF (MK(KPI)-KH2)325,326,325 
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325 LL = MK(KPI) 
KPI = LL 
GO TO 327 
326 MK(KPI)=KG 
NI^MK(KG) 
MI(KG)=MI(KSIG) 
MK(KG)=MK(KSIG) 
MLCKG)=ML(KSIG) 
MX(KG)=MX(KSIG) 
JSWG = 2 
GO TO 328 
318 IF (11-12)302,329,302 
312 MI(KSIG)=I2 
MK(KSIG)=MK(KPI) 
MK(KPI)=KSIG 
329 MX(KSIG)=KDELX 
C 
C COMPUTE DUAL VARIABLES FOR NEW BASIS 
KBET=1 
KG=KH2 
NEP=I2 
MUV (NEF)=M[JV (NEP)=NDELC 
IF (MK(KG)-KG)401,100,401 
401 KH=KG 
406 LL = MK(KG) 
KG = Li. 
KDEL=KJ(KG) 
KK=KDEL+IM 
MUV (KK)=MUV (KK)+NDELC 
IF (MK(KG)=KH)402,403,402 
402 IF (KG-IN)404,404,405 
404 IF (ML(KG))405,406,405 
405 LB(KBET)=0 
LG(KBET)=KG 
KBET- KBET+1 
GO TO 406 
403 IF (KG-IN)407,407,408 
407 IF (ML(KG))408,409,408 
409 KBET=KBEI-1 
IF (KBET)410,100,410 
410 KG=LG(KBET) 
IF (LB (KBET)-1)408,401,408 
408 KH=KG 
418 IF (ML(KG))411,412,411 
411 LL = ML(KG) + IN 
KG = LL 
GO TO 413 
412 LL = MJ(KG) 
KG = LL 
151 
413 NEP=MI(KG) 
MUV(NEP)=MUV(NEP)-NDELC 
IF (KH-IN)414,414,415 
414 IF (ML(KG))416,417,416 
415 IF (KG-MK(KG))401,409,401 
416 IF (KG-MK(KG))419,418,419 
415 LB(KBET)=1 
LG(KBET)=KG 
KBET=KBET+1 
GO TO 418 
C 
C GO TO SEARCH FCR NEXT ELEMENT 
700 IF(N-IDIMK)701,701,702 
701 IF (N2)703,704,703 
704 N1=N 
715 GOTO (705,706,707,708,709,710),MM 
703 REWIITO 12 
N2=0 
READ (12) (IC08T (KKK) . KKK= 1, IDIMN) 
GO TO 704 
702 IF (N-N2*IDIMN-IDP.M)71i,711,712 
712 N2=N2+1 
716 READ (12)(IC0ST(KKK),KKK=1,IDIMN) 
GO TO 702 
711 IF (N-N2*IDIMN)713,713,714 
714 N1=N-N2*IDIMN 
GO TO 715 
713 REWIND 12 
N2=0 
GO TO 716 
998 STOP 
RETURN 
END 
SUBROUTINE SIPT (ICOST, IDUMl, IDUM2, IDUM3, IDUM4, IDUM5, IDUM6,ME, 
1MI,MJ,MK,MX,ISD,MUV,KFK,KA,LG,LB,MXBET,ML, IC, II, Jl,FMrSD,FMr, IDN, 
2ICCT,JCOT,IQT, INT,IDIMS,IM, IN,JA,JZ,INFI) 
DIMENSim ICOST ( 1 ) , IDUMl ( 1) , IDUM2 ( 1) , IDUM3 ( 1 ), IDUM4 ( 1) , IDUM5 ( 1 ), 
1IDUM6(1),ME(1),MI(1),MJ(1),MK(1),MX(1),ISD(1),MUV(1),KFK(1),KA(1), 
2LG ( l),LG ( l ) ,MXBET(l),ML ( l ) , IC( l ) , I l ( l),Jl ( l ) ,FMrSD(l ) ,FMr( l ) ,  
3IDN (1) , ICOT (1), JCOT (1), IQT (1), INT ( 1) 
COMMON ISUMMA(IOOO),NAME1(100),INDEX,NAME2(100) 
C 
C 
9081 READ (1,9000) (NAMEl(JS),JS=1,100) 
9000 FORMAT (20A4) 
READ (1,9000) (NAME2(JS),JS=1,100) 
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C 
ME(1) = 123456789 
DO 820 I = 1,64000 
IF(ICOST(I) - ME(1)) 900,901,900 
901 ME(1) = 0 
IF(ICOST(I)) 900,902,900 
902 IREF = I 
'IDIMN = IREF - 1 
GO TO 840 
900 ICOST (I) = 0 
820 CONTINUE 
WRITE(3,2000) 
2000 FC®MAT (IHO ' ERR0R***ME(1) NEVER FOUND ' ) 
IDIMN=5000 
840 1=0 
C 
C READ JOB CARD 
1000 READ (1,500) IM,IN,(IDN(K),K=1,15) 
500 FORMAT (2110,15A4) 
DO 8450 I = 1,1000 
ISUMMA(I) = 0 
8450 ISD(I) = 0 
IF (IM)998,998,999 
999 JA=IMfIN 
JZ=IM*IN 
IF(JZ-IDIMN)502,502,503 
502 JSWZ = 1 
GO TO 505 
503 JSWZ = 2 
WRHE (3,3010) 
3010 FORMAT (IHO, ' GWE TO TAPE ' ) 
REWIND 12 
REWIND 13 
505 INFI=0 
Kl=l 
K2=DH-1 
L=1 
KK=1 
C 
C READ COST CARDS 
515 READ (1,1002)NO, (I1(K),J1(K),IC(K),K=1,4) 
1002 FORMAT(II, 14,15, no,3(15,15,110) ) 
IF (NO)1550,1550,1551 
1550 N0=1 
1551 IF (Il(l))831,831,508 
831 GOTO (507,832),JSWZ 
832 GOTO (833,507).MrAFE 
833 IF ( KK - 1 ) 834,835,834 
834 WRITE (13) (ICOST (KKK), KKK=1, IDIMN) 
153 
835 REWIND 13 
GO TO 507 
508 DO 526 K=1,N0 
ISUK= (II (K)- l)*INfJ1 (K) 
560 IF (ISUM-L)998,511,559 
511 ICOST (KK)=IC(K) 
JSWQ = 1 
L=L+1 
KK=KK+1 
INFI=MAXO(INFI, IC(K) ) 
1527 GO TO (504,506),JSWZ 
506 IF (L-JZ)529,529,530 
530 WRITE (13)(ICOST(KKK),KKK=1,IDIMN) 
REWIND 13 
MTAPE = 2 
GO TO 515 
529 IF (KK-IDIMN)1526,1526,533 
533 WRITE (13)(IC0ST(KKK),KKK=1,IDIMN) 
MTAPE = 1 
DO 997 KK=1,IDIMN 
ICOST (KK) =0-1 
997 CONTINUE 
KK=1 
1526 GOTO (526,560),JSWQ 
559 JSWQ = 2 
ICOST (KK)=-1 
L=L+1 
KK=KK+1 
GO TO 1527 
504 IF (]>JZ)1526,1526,515 
526 CWTINUE 
GO TO 515 
C 
507 WRITE (3,65432) 
65432 FCmiAT ('ICOST CARDS HAVE BEEN READ IN') 
C READ SUPPLY CARDS 
READ (Ir, 1003) NO,I,INDEX, (IC(K),K=1,7) 
1003 FORMAT (II,14,3X,12,7110) 
MTAPE = 1 
IF (N0)541,541,542 
541 N0=1 
542 DO 513 K=1,N0 
ISD(K1)=IC(K) 
. K1=K1+1 
IF (K1-IM)513,513,514 
513 CONTINUE 
GO TO 507 
C 
C READ DEMAND CARDS 
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514 READ (1,9085)N0,J,(IC(K),K=1,7) 
9085 FQRMAT(I1,I4,5X,7I10) 
IF (NO)1542,1542,543 
1542 N0=1 
543 DO 523 K=1,N0 
ISD(K2)=IC(K) 
K2=K2+1 
IF (K2-JA)523,523,524 
523 CONTINUE 
GO TO 514 
C 
C COMPUTE INFI 
524 INFI = 10 * INFI 
DO 8456 I = I,JA 
8456 ISUMMA(I) = ISD(I) 
LFI 
IF (JZ-IDIMN)550,550,551 
550 JSWR = 1 
GO TO 553 
551 JSWR = 2 
852 READ (13)(ICOST(K),K=1,IDIMN) 
553 DO 555 K=1,IDIMN 
IF (ICOST(K))556,555,555 
556 ICOST (K)= INFI-1 
555 COOTINUE 
GO TO (552,554),JSWR 
552 GO TO 119 
554 WRITE (12)(ICOST(K),R=l,IDIMN) 
IF (LfIDIMN-JZ)557,558,558 
557 L=L+1 
GO TO 551 
558 REWIND 12 
READ (12) (ICOST(K),K=1,IDIMN) 
C 
119 CONTINUE 
RETURN 
998 STOP 
END 
SUBROUTINE S OUT (ICOST, IDUMl, IDUM2,IDUM3,IDUM4,IDUM5,IDUM6, ME, 
1MI,MJ,MK,MX, ISD,MUV,KFK,KA,LG,LB,MXBET,ML,IC,li,Jl,FMrSD,Fnr,IDN, 
2icor, jcor, IQT , INI , IDIMS, IM, IN, JA, JZ, INFI) 
DIMENSION ICOST(1),IDUMl(1),IDUM2 (1),IDUM3(1),IDUM4(1),IDUM5 (1), 
1IDUM6(1),ME(1),MI(1),MJ(1),MK(1),MX(1),ISD(1),MHV(1),KFK(1),KA(1), 
2LG(l),LB(l),MXBET(l),ML(l),IC(l),Il(l),Jl(l),FMrSD(l),FMr(l), 
3IDN(1),ICCT(1),JCOT(1),IQT(1),INT(1) 
COMMŒ ISUMMA(IOOO),NAME1(100),INDEX,NAME2(100) 
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C 
C OUTPUT FCSIMATS *********A*A*AAJl*AA-*AA**AAAA**A*A:A"AAA*AAAA*AA***A* 
113 FORMAT(1H1,42X,15A4) 
2006 F(KMAT (1HO,I10/ SUPPLY POINTS110, ' DEMAND POINTS') 
2001 FORMAT (IHO,5X,'SUPPLY DEMAND COST SHADOW QUANTITY') 
2005 FORMAT (IH ,5X,'POINTS POINTS COST ') 
2002 FORMAT (IH ,5X, 14,4110) 
850 FORMAT (IHO, 'TOTAL COST = FIO.O) 
C 
C WRITE OPTIMAL SOLUTION GROUPED BY SUPPLY POINTS ****AAAAA*AAAAA** 
C 
WRITE (3,113) INDEX, (IDN(K),K=l, 15) — 
WRITE (3,2006) IM,IN 
WRITE (3,2001) 
WRITE (3,2005) 
PR=0. 
DO 2003 ICO=l,IM 
DO 2003 JC0=1,IN 
LCO = (ICO - 1) * IN + JCO 
KCO = IM + JCO 
IF ( ICOST(LCO) - (INFI-1))2004,2003,2003 
2004 JSCOST = MUV(ICO) + MOV (KCO) - ICOST(LCO) 
DO 5001 K=1,JA 
IF (MI(K) - ICO) 5001,5002,5001 
5002 IF (MJ(K) - JCO) 5001,5003,5001 
5001 CONTINUE 
5009 LKZ=0 
WRITE (3,2002) ICO,JCO,ICOST(LCO),JSCOST,LKZ 
GO TO 2003 
5003 PR=PR + MX(K)*IC0ST(LC0) 
WRITE (3,2002) ICO,JCO,ICOST(LCO),JSCOST,MX(K) 
2003 C(WTINUE 
WRITE (3,850)PR 
C 
RETURN 
998 STOP 
END 
